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PROBLEMS OF LIFT AND STABILITY IN 
AEROPLANE DESIGN. 


LECTURE BY Mr. F. HANDLEY PAGE, C.B.E. 


ReAD 15TH OcTOBER, 1930. 


Mr. F. Handley Page, C.B.E., gave a lecture on “The Problems of Lift and Stability in Aeroplane 
Design” on Wednesday, October 15th, 1930, in the Board Room of Lloyd’s Register of Shipping, to 
members of Lloyd’s Register Staff Association and a number of members of the Committee of Lloyd’s 
Register and visitors. Among the company were— 


Str S$. Georce Hiaains, Chairman of Lloyd’s Register, 

Mr. Artuur L. Sturce, Deputy-Chairman of Lloyd’s Register, 

Mr. J. Howarp Giover, Chairman of the Sub-Committees of Classification of Lloyd’s Register, 

Sir Percy G. Mackinnon, Underwriting Member of Lloyd’s, 

Mr. H. G. Simms, Chairman British Aviation Insurance Group, Ld., 

Mr. Monvracun Evans, Director British Aviation Insurance Group, Ld., and Member of the 
Committee of Lloyd’s, 

Lr.-Con. 0. E. C. Rapaciratr, Underwriting Member of Lloyd’s, 

Lr.-Cot. H. W. Ourram, Director of Aircraft Inspection, Air Ministry, 

Caprain 8. G. Youne and Mr. Joun Ginmore of the Air Ministry, 

Mr. Tuomas Rowntree, Chief Inspector of Civil Aviation, Croydon, 

Captain D. Niconson, of Messrs. Saunders-Roe, Ld., 

Mr. AnpreEw Scort, Secretary of Lloyd’s Register, 

Dr. J. Monraomerte Chief Ship Surveyor of Lloyd’s Register, 

Mr. L. J. Hinx, Senior Surveyor for Aircraft, 

Mr. W. Tomson, President of Lloyd’s Register Staff Association, 

Mr. 8. F. Dorey, Hon. Secretary of the Association. 


Sr 8. Grorce Hicarys, C.B.E., who presided, said, in opening the meeting: We are very fortunate 
in having with us to-night Mr. Handley Page, who is going to give us an address on aircraft. It is 
extremely kind of Mr. Handley Page to come here, because he is a very busy man, and he is letting us 
have an hour of his services which will be of the greatest value to the Staff Association. I do not know, 
Sir, whether you are aware of the objects of the Staff Association. They are for the “advancement and 
dissemination of knowledge of present day problems in shipbuilding and marine engineering by the 
preparation and discussion of communications on various aspects of the subject.” The only comment I 
have to make is, that I would suggest to the Committee of the Staff Association that they should add 
after the words “ marine engineering,” “aircraft,” because we are now, as you all know, very deepl 
interested in aircraft, and the more we know about it the better. We are going to listen, as I have mad 
to a lecture by Mr. Handley Page, than whom I can think of no one better qualified to lecture to 
us. (Applause.) He knows the subject thoroughly, and has a most charming manner of speech, and we 
shall hear from him a lecture that will be very agreeable and instructive to us. (Applause.) 
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I have to announce that letters of regret at inability to attend have been received from Air Vice- 
Marshal Sir John Higgins, Mr. F. G. L. Bertram, Deputy-Director of Civil Aviation, Mr. G. R. Stamp, 
Mr. A. R. Mountain, Mr. F. J. L. Fish, Mr. R. A. Bruce, Mr. I. C. Geddes, Captain Lamplugh, the 
Rt. Hon. Sir Philip Sassoon, Mr. R. H. Mayo, Colonel the Master of Semphill and one or two others. 

I will now ask Mr. Handley Page to address the meeting. 


Mr. HANDLEY PAGE. 


Sir George Higgins and gentlemen, it is very good of you, Sir George, to refer to the lecturer in so 
kind a manner. I only hope I shall be able to advance and disseminate some knowledge in regard to 
aircraft which will be of interest to you to the extent that in your future meetings you will include aircraft 
in addition to shipbuilding and marine engineering, as the Chairman has suggested. (Hear, hear.) This 
evening I am going to speak to you on the problems relating to lift and stability in aircraft. I am afraid 
that for those who are not technical I may be too technical, and for those who are technical I may be too 
popular. It will be a difficult thing for me to steer the middle course, but I hope I may keep you 
interested. 

It is generally known that the lifting force of a wing is produced by a difference of pressure between 
its upper and lower surfaces. For example, imagine a wing inclined to the airflow at a small angle 
(Fig. A). This figure shows the flow passing round the cross section of an aeroplane wing inclined at a 
small angle of incidence. Actually this photograph is obtained by moving a small model wing through 
water upon the surface of which very fine aluminium powder has been sprinkled. In order that the air 
shall pass over the contour of the wing smoothly and without turbulence, it is necessary that particles of 
air such as (a) and (b) which separate at equal pressure at the leading edge, shall re-unite again in the 
neighbourhood of the trailing edge, also at equal pressure. From this it will be seen that the velocity of 
particle “a” travelling over the top surface must be higher than that of “b” and, since an increase in 
velocity of the air is associated with a decrease in its pressure and vice versa, it follows that the pressure 
difference existing on the wing will produce an upward lifting force. 

The conditions for the creation of a lifting force on a wing persist over a limited range of the angle 
of attack of the wing to the air stream. It is easily seen that as this angle is increased the pressure 
difference between the upper and lower surfaces becomes greater and the wing exerts a greater lifting 
force. In other words, as this angle of the plane to the air becomes greater, so the lift increases. 
However, a limit is finally reached at an angle of incidence of approximately 15 degrees when the stream- 
lines flowing over the upper surface of the wing no longer follow its contour but break away and thus 
cause turbulence and loss of lift. The angle of incidence at which this occurs is called the “stalling 
angle” of the wing. 

The explanation of this breakdown in flow lies in the fact that the airflow passing over the top 
surface of the wing will accelerate up to a certain region and then slow down again, finally reaching its 
normal velocity at the trailing edge. Actually the highest velocity occurs over the forward portion of the 
wing ; therefore, since the air velocity over the top surface is higher at the nose than at the trailing edge, 
it follows that the pressure over the forward portion of the wing is lower than that acting on the rear or, 
in other words, a negative “ pressure gradient” occurs acting against the direction of flow. This means 
that the air has to proceed “ up-hill” from a region of low pressure into a region of high pressure. As 
the angle of incidence is increased, the negative pressure over the nose rises to a steep peak and, in 
consequence, the slope of the “hill” becomes much greater. Finally, an angle is reached when the 
kinetic energy of the air stream is insufficient to carry it up the increased slope of the “hill” and the 
air at the top of the “hill,” i.e. at the trailing edge, commences to run backwards on to the oncoming air. 
This causes the streamlines to break away from the surface in a high degree of turbulence caused by the 
frictional rubbing between adjacent layers of air. The flow over the top surface of a wing can be likened 
to that ing through a diverging Venturi tube, for which it is well known that great care has to be 
paid to the slope of the walls. 

In a tube of this nature air passes through the throat at high velocity and low pressure, and in order 
to produce the maximum efficiency from the tube, the diverging angle of the walls corresponds to the 
limiting angle at which the air flows smoothly through the tube. If this angle is exceeded, the airflow 
breaks away from the walls and the difference of pressure between the narrow and wide ends of the tube 
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is at once reduced, due to the loss of energy caused by the formation of a turbulent and eddying condition. 
It will at once be seen that a very close relation exists between the flow conditions over the top surface of 
an aeroplane wing and through a Venturi tube. 

In order to investigate methods of improving the lifting efficiency of wings, it is essential to know 
why it is that the air stream can be induced to follow the contour of the wing for angles of incidence up 
to even +15°, since one would imagine that on striking the wing the air would be immediately diverted 
away from it. Dr. A. Betz, of Gottingen, has given a very sound and pictorial explanation of this, which 
serves admirably as a basis for illustrating the theory by which it has been found possible to increase still 
further the maximum efficiency of a wing. He states that “the fluid has a tendency on account of its 
inertia, to flow straight ahead instead of following the curved surface, but then there must exist, between 
it and the surface of the wing, an eddying ‘dead air” region, This dead air is now carried along by 
friction (or the effect of viscosity) and must be constantly replaced. Now, when the viscosity is so great 
that in a given time more fluid is carried away than can flow in, the “dead air” disappears and the flow 
follows the contour of the wing. From this it is easy to see that if some means could be introduced by 
which the formation of “ dead air” could be still further delayed, then it would be possible still further to 
increase the angle of attack of the wing and so obtain greater lift. 


It is generally known now that a wing of low aspect ratio (7.e. of short span) stalls later that one of 
high aspect ratio. This can be explained by the fact that since the pressure on the upper surface of a 
wing is considerably lower than that on the under surface, an inrush of air occurs at the wing tips from 
under to upper surfaces. This inrush of air adds energy to the normal airflow passing over the wing, and 
thus delays the formation of “dead air.” From this it follows that the effect of the end flow will be felt 
more on a wing of low aspect ratio since a greater proportion of the total wing area will be influenced by 
the tip effect than on a wing of high aspect ratio. 

The above led to the first slotted wing which was based on the principle of splitting a wing up into a 
series of low aspect ratio units by cutting slots in a longitudinal direction through the wing (Fig. 1). The 
results of this arrangement were not very promising, and it was abandoned for a scheme similar to the 
slotted wing as we know it to-day (Fig. 2.) 

In this form the slot runs laterally across the span of the wing and is caused by fixing a small 
auxiliary winglet in close proximity to the nose of the main wing. It will be seen in Fig. 2 which shows 
a cross section through a slotted wing of this description that the slot so formed is of a converging nature. 
Due to this shape it follows that any air entering the slot from the under and forward side must leave the 
exit on the top surface in the form of a jet at high velocity. This jet adds greatly to the energy of the 
ae flow passing over the top surface of the wing and thus helps it to overcome the formation of 
“ dead air.’ 

Figs. Band C: Fig. B shows the flow passing over an unslotted wing at an angle of incidence past 
its stalling point, and it will be noticed that the flow is breaking away from the upper surface of the wing 
in the form of a series of vortices which give rise to a complete breakdown in the flow. Fig. C shows the 
same wing at the same angle but fitted with a front slot, and you will notice that the jet passing through 
the slot is re-energizing the flow over the back surface of the wing to such an extent that all the 
turbulence present in Fig. B has now been completely eliminated, thus enabling the wing to be brought 
to still higher angles of incidence before breakdown in flow occurs. By the use of a slot of this 
description, it is possible to increase the angle at which the “stall” occurs by approximately 10 degrees with 
a corresponding increase in lifting force of approximately 80 per cent. With the larger chord winglet as 
shown in Fig. 2, it is possible to obtain an increase in lift of approximately 100 per cent. before the break- 
down in flow occurs. Fig. 3 shows the lift measured in absolute units—the lower curve is the lift curve 
for an ordinary unslotted wing, and it will be noticed that the lift breaks down after an angle of 11 or 12 
degrees. The two upper curves show the lift obtained with two different front slots and it will be seen 
that by using slots of this description it is possible to double the value of maximum lift. Associated with 
this increase in lift, is a large delay in stalling angle. From the curve shown it will be seen that instead 
of the airflow breaking down at 12/13 degrees incidence, as was the case with the unslotted wing, it is 
possible for the wing to give a lift up to an angle of approximately 24/25 degrees. 

Since an aeroplane wing when fitted with a front slot has its lifting range very considerably increased, 
we can either increase the top speed of the plane by cutting down its wing area and use the front slot as 
a means of obtaining its original landing speed or, on the other hand, we can decrease its slow speed by 
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known as the incipient spin, which invariably follows immediately an unslotted aeroplane is stalled, i.e., 
when the wings of the aeroplane are brought to such an angle relative to the direction of the airflow, 
that they reach the critical point where their lifting power rapidly diminishes and the airflow over them 
suddenly becomes violently turbulent. 

The first intimation that a pilot gets that this type of spin is going to occur is when it has already 
occurred, and unless he is flying at a considerable height, he has little chance of recovery, since once the 
spin has properly started much height is lost before it can be checked. Take, for example, an aeroplane 
which happens to be flying at, say, 1,000 feet above the ground over strange country. Should engine 
failure occur the pilot is left with no other choice but to effect a forced landing somewhere, and since 
the machine was originally only 1,000 feet up and is now gliding down rapidly, he is left with very little 
time to find a suitable landing ground. In order to reduce the rate of descent, therefore, the pilot pulls 
the nose of his machine up in order that the wings shall exert their maximum efficiency and in his 
anxiety and desire to keep the machine aloft as long as possible, he usually overdoes this and reaches the 
critical or stalled condition. Immediately this condition is reached, the aeroplane becomes laterally 
unstable, and the slightest lateral disturbance causes the incipient spin to develop. The application of 
opposite aileron control to counter this only results in the spin becoming more aggravated, and since by 
this time the aeroplane is probably only a few hundred feet from the ground the result is practically in 
every case a nose on crash with fatal result. This very undesirable vice has been definitely removed by 
the advent of the automatic wing tip slots, but in order to fully understand what they actually do, it is 
necessary to have some idea of the cause of autorotation, the start of the incipient spin. 

Fig. 11. Sketch “A” shows the side view of a wing moving in a horizontal direction indicated by 
the direction of the airflow acting in the opposite sense. Sketch “ B” shows the same wing moving 
vertically upwards in the direction indicated by the direction of the airflow acting in the opposite sense. 
Sketch “C” shows the same wing moving in both the forward and upward directions at once, and it will 
be readily seen that the net result of the two airflow directions will be something like that indicated by 
the dotted line. 

Turortant.—It immediately follows from this that the angle at which the airflow meets a wing 
which is moving forward and rising at the same time is less than that at which it meets the wing which 
is moving forward only, or in other words, the angle of incidence of a wing which is moving forward and 
upward is Jess than that of the wing when it is only moving forward. 

In the case of a forward and downward moving wing, the reverse is the case, 7.e., the angle of 
incidence of a wing which is moving forward and downward is greater than that of the wing when it is 
only moving forward. 

If the above facts are thoroughly understood, the following simple explanation of the chief cause of 
autorotation (the start of the incipient spin) will be easily grasped. 

It is, of course, generally known by now that as the angle of incidence (previously referred to) of a 
wing is increased so is the lifting power of that wing correspondingly increased until a critical angle is 
reached, at which the lift reaches its maximum value and thereafter steadily decreases, this critical angle 
is known as the “stalling” angle of the wing. 

Fig. 12. Sketch “ D” is a very straightforward graph showing how the lift of a wing increases 
with the angle of incidence up to about +15 degrees and then falls off again. 

Cask 1.—Suppose an aeroplane without slots is flying at an angle of incidence of +10 degrees 
(sketch “D”) and with a wing lift of “a.” Now suppose a bump causes the wing tip ty (sketch “ E”) to rise, 
the wing tip t, will commence to drop and the aeroplane will start rolling in the direction of the arrows. 
From the previous explanation, the “upward and forward moving” wing t, will be at less angle of 
incidence to the wind than it was when moving forward only, consequently, from sketch ‘ D” the lift 
on that wing tip will now be less than “a.” In the case of the “ downward and forward” wing tip, the 
reverse will be the case, and its lift will be greater than “a.” 

From this we see that the upward moving wing tip loses lift whilst the downward moving wing tip 
increases its lift ; there will, therefore, be a damping out of roll and a quick return to the normal position, 
and the aeroplane is said to be “ stable in roll,” 7.e., there is no tendency for it to continue rolling or to 
autorotate. 

Case 2.—Now let us consider in the same manner the case when the aeroplane is actually being 
flown in a séalled condition, i.¢., at, say, +22 degrees “angle of incidence” with a wing lift of “b.” 
(sketch “D.”) The decrease in “angle of incidence” on the upward moving wing tip t, will result in its 


lift becoming greater than “‘b” whereas for the downward moving tip t, the lift will be decreased, There- 
fore, instead of the machine tending to right itself as in the previous case, it will now continue to roll over 
and over in the direction in which it was first started, i.e., autorotation has set in. 

Turning once more to sketch “D,” the dotted line shows the extent to which the stalling point is 
delayed on the portions of a wing to which the slots are fixed. It will be seen that the delay in “ stalling 
angle” is very considerable, as is also the increase in maximum lift. 

Case 3.—Let us return to the flight condition of the aeroplane as for Case 2, i.e, flying at 
+22 degrees “angle of incidence” but in addition, with a short length of automatic slot fixed at each 
wing tip. In this case, the wing tips, instead of experiencing a lifting force of “b,” are now producing 
the value ‘*c” (sketch “1D ”’) and at the same time are considerably below their stalling point, due to the 
slots. Therefore, if a disturbance causes wing tip t, to move up, its “angle of incidence” will be 
decreased, and likewise its lift will become less than “ce,” whilst for the downward moving tip t, the lift 
will become greater than “c.”” The machine will, therefore, without any other help, tend to restore 
itself to an even keel, and has the same type of stability as that of Case 1, when it was flying at a low 
angle of incidence. In order to cause the machine to autorotate again, it would have to be brought to 
and beyond the “angle of incidence” corresponding to the stalling point of the slotted portions of the 
wing, an attitude which it is extremely difficult to reach with an aeroplane carrying the normal size of 
elevator and tail plane. 

In the case of biplanes, slots need only be fixed to upper wing since lower wing stalls at much 
higher angle. Fig. 13. 

Full scale tests have proved that incipient spin can be definitely removed with wing tip slots. 

Fig. I shows wing tip slots fitted to the top plane of a biplane. 

Fig. J shows this same aircraft flying in a stalled condition very close to the ground—you will 
notice that the wing tip slots which are working automatically have reached their full open condition, 
thus giving to the aeroplane a very high degree of lateral stability. One might mention here that 
without the wing tip slots it would be impossible to fly this machine at such an angle with any degree 
of safety whatever—the probable result of such an attempt would be a very serious crash. 

Turning now from the problem of stability, we are faced with that of obtaining a high degree of 
lateral control at the high angles of incidence associated with slow speed flying. The wing tip slots as 
described above give to an aeroplane a very high degree of lateral stability, but it is still necessary to 
obtain, if possible, an effective means of lateral control. At very slow speeds it is well known that the 
usual aileron control of an aeroplane becomes very sluggish, so that now that it is possible to fly exceedingly 
slowly by the use of slots, it has become more necessary to discover some means of sharpening up lateral 
control itself. A device, known as the interceptor and slot control, has recently been tried out with very 
great success. This device (Fig. 14) takes the form of a small flat plate situated immediately behind the 
front slots and inter-connected with the ailerons in such a way that in moving the aileron upwards the flat 
plate or interceptor is caused to project above the surface of the main wing and so destroy the effect of 
the slot and therefore the lift on the portion of the wing to which it is fitted. From this it will be 
obvious that a very powerful rolling moment will be obtained when the aileron and interceptor on one 
side of the wing are raised, whereas on the other side of the wing the slot is unhindered in its action and 
aileron is depressed. The powerful rolling moment thus formed is caused by the fact that one side of the 
wing is lifting very efficiently due to the down aileron and the open slot, whereas the other side is well 
stalled due to the interceptor fouling the slot effect and so destroying the lift of the wing. Some recent 
investigations have indicated that this type of control may definitely remove all danger of the most vicious 
type of spin known as the flat spin. This spin is very rapid, most uncomfortable and exceedingly difficult 
to get out of with the usual type of control. The interceptor device is the latest development of slot 
control as applied to aircraft. 

In the following slide (Fig. 15) wind tunnel results are shown of the yawing and rolling moments 
obtained on an aeroplane fitted with (a) slots alone and (b) slots and interceptor control. It will be seen 
that a very great improvement in rolling moment control has been effected by the interceptor as well as a 
very large reduction in the adverse yawing moment. 

The last slides in this lecture show the slotted wing carried to a further stage. 

As a point of interest, I am going to show you finally a wing in which seven slots have been arranged. 
Fig. K shows this wing being pulled through a tank of water and you will notice that even at this large 
angle of incidence, namely, 42 degrees, very little turbulence can be seen over the back surface of the wing. 
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This is due to the fact that each little wing has in front of it another wing which acts in exactly the same 
way as the ordinary single slotted wing. By means of a slotted wing of this description it is possible to 
increase the maximum lift by 250 per cent. 

Fig. 16 shows the lift curves for wings of this description. If in the future we can imagine 
mechanical problems so overcome that there will be a possibility of making wings to enable one to alight 
at 10 or 15 miles an hour, a machine to keep in your back garden becomes a possibility, though whether 
that would add to the pleasures of mankind is another matter. (Laughter.) 

Another interesting thing is that long before we started on the question of slots, nature had made 
birds’ wings with perfect slots at the wing tips. If we had only known this before, we should have saved 
a great deal of time. Long before we thought of the slots, birds were employing this precedent ; birds, 
such as vultures, which fly at a great height, require a great deal of lateral stability. It has been most 
interesting, doing this from a mechanical point of view, to have pointed out to us something which had 
never been seen by ornithologists. Recently a very interesting paper has been written on this subject by 
Lieut. Graham, R.N., who has made it a special study. 

I conclude by saying that our particular device of slotted wing has been developed in order to give 
increased range of angles over that which could be obtained in an ordinary aeroplane, and a subsequent 
phase is its application to lateral stability. There are many more points [ could touch upon, but [ am 
afraid I should keep you too De If you would like to ask any questions in relation to anything I have 
dealt with I shall be very pleased to deal with them as far as I can. (Applause.) 

No questions were asked. 


Mr. ARTHUR L. STURGE. 


It is evident that Mr. Handley Page’s lecture has been so clear and lucid that no one is puzzled by 
any detail and no one has any questions to ask and that is a point in his favour. The invention of 
slotted wings is one with which his name is indelibly associated, and, in developing this wonderful 
device, Mr. Handley Page has enormously increased the possibility of managing an aeroplane and has 
also reduced the danger of flying in wind. I am expressing these things in City language, and you must 
excuse me if I do not use technical terms. It is always nice to have people who will talk about their 
own subjects. We have heard from Mr. Handley Page the scientific side, and the younger men will be 
able to tell their great-grandchildren that they have heard Mr. Handley Page lecture on this subject, and 
that is something of which they may be very proud. (Applause.) His name is a household word in 
connection with aeroplane construction, and now he has added another laurel to his wreath in thinking 
out this question of slotted aeroplane wings. He said he would probably be too obscure for non- 
technical minds and too popular for technical minds. Speaking for the former class, although puzzled 
in a good many cases, I was intensely interested and entertained and I think I understand enough to be 
able to draw diagrams all over my dining room table when I return to my family this evening. (Laughter.) 
May I conclude by expressing in your name our thanks to Mr. Handley Page for coming here to-night, 

Applause.) 
} mf Handley Page briefly replied and the meeting then ended. 
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THE PRACTICAL CONSTRUCTION OF 
OIL TANKERS. 


By JOHN MACDONALD. 


Reap 12TH NOVEMBER, 1930. 


The building of oil tank vessels naturally lends itself to many variations in procedure and detail, and 
the object of this paper is to describe some methods which may be regarded as established practice—more 
especially methods in vogue in certain of the Tyne Shipyards—in the hope that the paper itself, aud 
perhaps to a greater extent the subsequent discussion, may add something to our common stock of 
knowledge of the subject. 

Longitudinal framing is admirably suited for a maximum amount of hydraulic riveting, and in 
conjunction with the bracketless system there is a considerable saving of labour through the omission of 
a very large number of brackets and asimplification for obtaining oil-tightness of the transverse bulkheads. 
Longitudinal framing is generally fitted between the aft peak bulkhead and the after end of the fore deep 
tank, also above the fore deep tank to the fore peak bulkhead. Transverse framing is fitted in the peaks, 
the fore deep tank and in the double bottom tank in the machinery space. 

It is advisable to get the middle portion of the ship well under way, so that an early start can be 
made on the tank testing and the extreme ends can be completed concurrently with the testing. This is 
contrary to the ordinary passenger or cargo ship practice, in which it is important to have the ends well 
ahead of the main part of the vessel. 

TEMPLATING.—Longitudinal framing is suitable for a considerable amount of loft template work 
which must be carried out with perfect accuracy. There are three forms of template, viz. :—solid moulds, 
battens and skeleton templates. The solid mould outlines the plate or system of plating and, as the 
name indicates, is made of substantial scantlings. All the rivet holes are bored through and parts of it 
are sometimes made adjustable to suit varying forms or heights. Very few solid moulds are made, as it 
is understood that unless two or more vessels are built from the same scrieve, it is a comparatively costly 
method even in association with multiple drilling. Most of the templating is done by battens on which 
all the length, breadth, or height dimensions are marked, and all the rivet holes are bored through. 
Skeleton templates give the outline of form and, in conjunction with battens, the spacing of rivet holes 
can be accurately marked on the structural material. 

The transverses below the second deck are prepared from complete solid moulds which are built up 
in sections between the overlaps, as in Fig. 11. When preparing this mould it is advisable to fit dowels 
screwed into the moulding loft floor, thus ensuring accurate replacement when assembling the full mould. 
One mould completes nearly all the transverses, a few separate moulds or skeleton templates for the bilge 
alteration being required towards the ends of the longitudinal framing. Similar moulds are made for the 
transverses in the expansion trunk and summer tanks, the upper parts being adjustable to suit the sheer 
of the ship. 

Ave are also used for the lower transverse bulkhead plates and the webs on bulkheads. 
With two or more duplicate vessels it is advantageous to have the same type of mould for each strake of 
bulkhead plating to the second deck, especially when the deck has no sheer. With sheer the upper 
mould can be made adjustable. 

Skeletin loft templates are made for the stringer and deck plates at the ends of the ship, the 
horizontal shelf plates across the bulkheads at the level of the second deck, the transverse bulkheads in 
the summer tanks and expansion trunk, 

The bottom side and deck longitudinals, the attachment angles to the transverses, a number of the 
bracket connections, as detailed later, and the intercostal girder are prepared from loft battens. The 
same method is used for marking off the trunk sides und keel plates, also the middle portion of the 
shell plating on the flat of bottom and sides only, as it is considered that reliable work can not be carried 
out at the ends. 

This system of loft templates for the shell plating requires very great accuracy in marking and 
punching the bulkhead boundary angles, the shell connection angles for the transverses and the 
longitudinals. 1t is not generally accepted that the advantages of loft templates for the shell are very 
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great unless several duplicate vessels are built, but it is recognized that time is gained by having plating 
ready for erection as soon as the framing is faired and the midship tanks can be quickly completed for 
testing. It is even thought that this method of preparing the midship plating is more costly when only 
one vessel is to be built. 

The longitudinal bulkhead and the transverse bulkheads above the lower plate, also the stringer 
and parallel deck plates, are prepared from loft battens, excepting the deck and stringer plates at the 
end of the ship, these being prepared from skeleton templates. The deck plates over the expansion 
trunk sides and the centre line bulkhead are lifted by a plater’s template from the ship. 

In the preparatory work on material, before it is assembled at the skids where the various parts are 
to be screwed together and riveted, good punching and shearing are most important factors in the 
efficiency of the work, also accurate fitting and fairing are absolutely necessary. 

The punching machine dies and punches wear quickly, and constant attention must be given to 
their condition so that the holes may be obtained free of rag. 

The same difficulty arises with the shearing of plating, as the cutting blades, when worn, give an 
undesirable rag, and when fitting, in particular, an oiltight connection such as bulkhead boundary angles 
and plate, it is essential that any rag should be carefully removed so that the surfaces can be drawn 
together before riveting. Further, the plate must be held level with the lower blade during the shearing 
operation to avoid bending at the edge. 

If plates are not held level, the sheared edges are bent down, thus giving a slight curvature which 
makes it impossible to get the three surfaces closed (Fig. A). 


SHEARING 
BLADE 


Lower 
SHEARING 


BLADE. 
Fig. A. 


The lower blade of the shears has occasionally been found with the cutting surface so badly worn 
that slight curvature was bound to arise, thus giving the same result as when the plate is not held 
level (Fig. B).f 
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It is also to be noted that the cut edge of a plate, having been in compression during shearing, has 
a very slight curvature, but this is of minor importance. 

All the outside strakes and the after overlap of inside strakes of shell plating are planed so that 
the question of rag on the edges does not arise. 

Brackets are frequently found twisted, due to shearing, and these should be hammered or pressed 
fair, otherwise the surface on the frame or beam, &c., does not fay. Stoppers on the shearing machine 
hold small plates down and prevent twisting. 

KEEL Puates.—The end laps of the plates are scarphed at the landing edges and under the centre 
line bulkhead attachment angles to the keel plates, as in Fig. 1. 

These scarphs must be carefully planed with their sides at an angle of about 45°, and should not be 
made larger than is necessary to effect good caulking. 

The vertical flanges of the keel angles to the centre line bulkhead are riveted with countersunk 
heads and points, being three-ply work. The horizontal flanges should also be riveted with countersunk 
heads and points. Spunyarn stoppers are fitted across the underside of the keel angles just beyond each 
end of the overlap (Fig. 1) also between the keel plates at the butt just outside the toe of the angles. 
Both flanges of the angles on each side of the centre line bulkhead are caulked and no bosom pieces are 
fitted at the butts. 

A very neat form of keel overlap is with tapered packing pieces at the landing edges and under the 
centre line bulkhead attachment angles with a six-rivet connection, as in Fig. 2. It will be observed 
that the keel plate forming the outer part of the end lap is cranked in two places, viz: at the point and 
the thick end of the packing piece. In appearance this overlap makes a good edge line of keel plating, 
but this arrangement is only adopted when scarphing machines are not available. 

At the end laps of the keel plates (which are riveted with pan headed rivets) the row of rivets on 
each side of the centre line bulkhead next the shell attachment angle should have countersunk heads to 
allow the caulking tool to be held sufficiently low to permit of efficient caulking of the horizontal flanges 
of these angles (Fig. 1). 

The same arrangement of countersunk headed riveting should be maintained throughout the ship 
where an angle which requires to be caulked crosses an overlap with pan headed rivets. 

CenTRE LinE BULKHEAD.—AII the holes for the horizontal stiffeners, vertical webs, brackets and 
landing edges are marked, punched, and the plate sheared from loft battens. 

The bulkhead plates are fitted horizontally and each plate with stiffeners and connection angles is 
assembled at the skids, hydraulic riveted with pan heads and countersunk points in the horizontal 
stiffeners, with countersunk heads and points in all three-ply work and in the vertical web angle 
connections to the bulkhead. 

The horizontal stiffeners are sometimes riveted with countersunk heads and points as there is no 
extra charge for countersunk heads when hydraulic riveting is carried out. The increased efficiency is 
worth the slight extra labour, and there is then no question of rag on the rivet holes malforming the 
heads of the rivets. Hand riveting with countersunk heads is paid at a higher rate than with pan heads, 
consequently the latter type of rivet is used when hand riveting is carried out. 

The lower strake of plating, if continuous through the transverse bulkheads, has its lengths arranged 
equal to the lengths of the tanks and the end laps are treble riveted. When these end laps ave fitted near 
the transverse bulkheads, as indicated in Fig. 4, the horizontal stiffeners can be almost completely 
hydraulic riveted to the plates at the skids, but there is one objectionable feature, viz. :—four-ply riveting 
at the overlap, due to two thicknesses of bulkhead plating, the horizontal stiffeners and the horizontal 
angle connections to the brackets. In these circumstances, the rivet holes in the horizontal stiffeners on 
the uncaulked side are countersunk, and the stiffeners themselves are caulked in way of the end laps in 
the length of the brackets situated on the other side. 

An improvement on this arrangement of the lower strake of plating is with the treble riveted end 
laps fitted clear of the horizontal angle connections to the brackets and with the lengths of the plates 
equal to the lengths of the tanks (Fig. 5). | With the end laps in the position indicated, four-ply work is 
avoided but less hydraulic riveting of the horizontal stiffeners can be carried out at the skids, as the 
stiffeners are continued over the end on to the adjoining plate. All the angles are completely riveted to 
these lower plates before erection, except the horizontal bracket angles and stiffeners at the overlaps, and 
at the crossing of the vertical web angles over the horizontal landing edges. The vertical web angles are 
fitted intercostal between the horizontal stiffeners and joggled over the plate landing edges, and the four 
connection rivets should have countersunk heads and points, 
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If the cruciform plates are continuous from the keel to the top of the expansion trunk, the lower 
strake of centre line bulkhead plating is fitted in one length and connected with a treble riveted overlap 
to the cruciform at each end of each tank. The keel angles are cut short on either side of the transverse 
bulkheads about 18 ins. on one side and 27 ins. on the other side (Fig. 8). This arrangement has the 
great advantage that the horizontal stiffeners and all angles including the keel angles can be almost com- 
pletely hydraulic riveted, and all the angles on the face side of the bulkhead, also the keel angles on both 
sides of the bulkhead, caulked before erection. The keel angles are afterwards completed at each end of 
the tanks with smithed shoes carried on to the transverse bulkheads. 


The plating above the lower strake to the top of the expansion trunk is not continuous through the 
transverse bulkheads and it is fitted in one length and connected to the cruciforms at the ends of the 
tanks with a double riveted overlap (Figs. 4 and 8). Each strake of plating is assembled separately. 
The horizontal stiffeners, the connection angles (for the vertical webs) which are fitted intercostal between 
the stiffeners and joggled over the landing edges of the plates, also the angles for the horizontal brackets 
are completely hydraulic riveted at the skids, except that the intercostal vertical angles can not be riveted 
to the plates in way of the landing edges until the bulkhead has been erected. The four connection rivets 
through the vertical angles at each landing edge are fitted with countersunk heads and points. 


An alternative system is without a cruciform fore and aft plate. All the plating above the 
lower strake to the top of the expansion trunk is cut on each side of the transverse bulkheads and 
connected by four 3} ins. x 34 ins. angles, Figs. 5 and 7, which necessitates hand or pneumatic riveting at 
the four corners. 

Permanent lugs are fitted on the face side of the bulkhead in the middle of the length in each tank, 
with a two rivet connection to the plate and with two holes in the standing flange to support brackets for 
carrying staging planks. The uppermost lug is fitted about three feet below the top of the expansion 
mph the remainder about five to six feet apart, each lug being fitted just under or over a horizontal 
stiffener. 

All angles on the face side of the bulkhead are caulked round the toe, heel and ends before the 
plates are erected in place. The lower bulkhead strake of plating is sometimes fitted hard down on 
the keel plates. 

All clips or hangers, etc.,on the centre line and transverse bulkhead plating are riveted, or tap 
bolts are fitted with a grummet and nut on the face side of the bulkhead or they are attached by 
electric welding. 

Crucirorm.—The plate and angle connections are prepared from loft battens, assembled and 
hydraulic riveted with countersunk heads and points at the skids. 


An arrangement of cruciform is shown (Figs. 4 and 6) with the centre line bulkhead lower plate 
passing continuously through the transverse bulkhead, as previously described under heading “ Centre 
line Bulkhead,” the cruciform fore and aft plate being continuous from the lower bulkhead plate to the 
top of the expansion trunk. It will be noted that the transverse bulkhead is connected with two rows of 
rivets to a 9ins. x 3}ins. angle on the cruciform plate with 34ins x 3$ins. angles on the opposite 
side, thus allowing the cruciform to be almost completely caulked before erection, as indicated by 
arrows (Fig. 6). The end laps attached to the centre line and transverse bulkheads are obviously caulked 
on completion of the erection and riveting in the ship. 

Fig. 8 shows an improved arrangement on that previously described, as the cruciform fore and aft 
iat is continuous from the keel to the top of the expansion trunk, which allows it to be almost entirely 

ydraulic riveted from the keel to the trunk top and caulked before being erected in position. 


Figs. 5 and 7 are similar at their lower ends to Fig. 4, the centre line bulkhead lower plate being 
continuous. Above this plate neither the centre line bulkhead or the transverse bulkhead is continuous 
(Fig. 7). Four 3} ins. x 34 ins. corner angles are fitted, as indicated. 

Fig. 9 shows an arrangement similar to that of Fig. 6 ; a double tee bar connection to the transverse 
on laa to be patented—is fitted instead of the 9 ins. x 3} ins. angles with a 34 ins. x 3} ins, 

r. 

The cruciform fore and aft plate in the cofferdams is made broad enough to take both bulkheads, 
and is connected to each transverse bulkhead by 34 ins. x 34 ins. double angles. In the space between 
the deep diaphragm plate and the centre line bulkhead at the bottom of the cofferdam, the horizontal 
stiffeners on the cruciform plate are fitted without fore and aft bracket plates as in Fig, C, 


“9 “alg 


; SILV 7g WY HST 


“Soy  DNIWO 007 : . 


i= 
WV ON FILO ; OVHL NOILIF ¢ 


pron) 


C3LLI9 SLAG Of] “SHYT WOVERSVIG 


6 


In the best practice all the holes including those at the end laps of the cruciform to the centre line 
bulkhead are punched or drilled a size smaller, the cruciform is fitted and bolted together at the skids, 
the holes rimered out to full size and countersunk, and all the connections hydraulically riveted steel to 
steel. Alternatively only a few holes are punched in the connections to the centre line and transverse 
bulkheads (for erection purposes). After fairing, the remaining holes are drilled through and countersunk. 
This procedure may appear rather costly but the results during testing have justified it. 

Another method is to have all the holes in the plate punched a size smaller, the holes in the angles 
punched full size and countersunk, and after the cruciform is bolted together the plate holes are 
core out. Paper jointing is used between the surfaces with stoppers at the upper and lower ends in 
this case. 

Still another method is to have all the holes in the plate and angles punched and countersunk, and 
after the parts are fitted together, these are rimered out as necessary, except the end laps of the cruciform 
to the longitudinal and transverse bulkheads which are punched a size smaller in the first instance. 
After the bulkheads are erected and faired, these holes are rimered out full size. Paper jointing and 
stoppers, as in previous paragraph, 

In this class of work throughout the ship, service bolts are spaced four holes apart to ensure a close 
fit. Special care should be taken to remove with a feeler or knife any small particles of steel, caused by 
rimering, which may lodge between the surfaces. 

TRANSVERSE BULKHEADS.—The lowest strake of plating and its connection angles are prepared, 
punched or drilled and sheared from solid loft moulds. The remaining strakes of plates and angles are 
similarly prepared or loft battens are used. 

The connection angles for the brackets to all the longitudinals have the rivet holes completely 
punched in both flanges before being riveted to the bulkhead plates. The punching of the rivet holes in 
the bracket is described under “ Longitudinals.” 

The bulkheads are plated and stiffened horizontally (in conjunction with vertical webs) between the 
cruciform and the ship’s sides. Hach strake of plating is fitted in one length and usually cut short about 
ys in. from the heel of the boundary angles, the cavity being filled with vulcan cement after the riveting 
and caulking of these angles are completed at the ship, as described under heading ‘Stoppers and 
Jointing.” It is understood that at least one firm of owners specify that the bulkhead plate should 
project outside the heels of the bars and be chipped fair after erection. 


34 +35 BHO. BOUNDARY ANGLES. 
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The boundary angles have both flanges of each angle caulked and are not joggled with the exception 
that in some cases joggled boundary angles may be fitted when special attention is given to the details of 
workmanship, viz.: the frame is joggled outside the second rivet hole beyond the extreme edges of the 
inside strakes of shell plating. Specially prepared packing—one piece on the forward and one on the 
after boundary angle, not in one across the double frame—is fitted to suit the joggle which should 
be as in Fig. 104, and not as shown in Fig. 10n (the latter being known as a lazy joggle) as the thin 
edge of the packing piece wou!d crumple up when being caulked. 
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It is thought that the specially prepared packing piece is better than the parallel liner or tapered 
liner with an out and in strake, as one edge only requires to be cauiked beyond the toe of the prepared 
packing piece and the next outside shell plate. Two edges require caulking in the full length of the 
parallel or tapered liners which are also liable to be fitted short at the end. It is clear that when more 
caulking edges require to be dealt with, correspondingly greater scope for leakage is given. 

When the boundary angles are pneumatic or hand riveted at the ship, paper jointing is used; with 
hydraulic riveting they are fitted steel to steel. 

An alternative method adopted in several shipyards is to fit one angle 6 ins. x 6 ins. double riveted. 
One of the advantages claimed for this arrangement is that it removes the possibility of the two flanges 
(double angle arrangement) not faying equally on the surface of the shell plate. 

The lower strake of plating is assembled at the skids. AlJl the angles for brackets to the bottom 
longitudinals and centre line bulkhead horizontal stiffeners, also the boundary angles, are hydraulic 
riveted with countersunk heads and points and caulked before erection. The distance between the 
lowest horizontal stiffener and the upper edge of the attachment angles to the bottom longitudinal 
brackets should not be more than 12 ins. (Fig. 10). 

Each strake of plating to the second deck is assembled separately with all the angles (including the 
fitting of the staging lugs as described under “ Longitudinal Bulkheads” and Fig. 10), hydraulic riveted 
and caulked in the same manner as that of the longitudinal bulkhead. The vertical web attachment 
angles are fitted in short lengths between the horizontal stiffeners and joggled at the landing edges : when 
riveted with pan heads and countersunk points it is advisable to have at least the four rivets through the 
plate landing edges and the angles at the cross over fitted with countersunk heads and points. Generally 
three-ply oiltight work throughout the ship should be riveted with countersunk heads and points. 

When the yard transporting and lifting appliances are suitable, the various completed strakes of 
plating ave joined together and the landing edges are hydraulic riveted with pan heads and countersunk 
points and caulked at the skids. 

When the entire bulkhead is completed before erection, the boundary angles are also fitted, riveted 
and caulked at the same time. 
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During the fitting together of the various strakes of plating, horizontal lines, previously marked, 
should have their heights above the base line checked. A final dimension is taken from the loft of the 
depth of the bulkhead at the outer edge of the cruciform connection, the rivet holes in the outer 
boundary angles correcting the depth to the deck at side in conjunction with the horizontal lines. 
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The transverse bulkheads in the expansion trunk are prepared from skeleton templates and loft 
battens, hydraulic riveted and caulked at the skids in the same manner as that of the lower bulkheads, 
each bulkhead being erected complete. The flanges of the boundary angles to the trunk side should 
have only two holes punched for erection purposes (all the holes having been punched in the trunk side 
plating) and, after fairing, the remaining holes are drilled through. 

The summer tank bulkheads are similarly prepared, generally with horizontal plating and stiffening ; 
sometimes they are plated and stiffened vertically. The boundary angles to the trunk side and to the 
2nd deck plating are not fitted until the bulkhead has been erected in position and faired, when they are 
lifted by template from the ship. This procedure is advisable with the bulkheads in the expansion trunk 
and in the summer tanks, as it is almost impossible to get good results with all the holes in the boundary 
angles to the trunk side and 2nd deck plating prepared and punched from loft templates (Fig. D). 

It is to be noted that the horizontal bulkhead stiffeners on the transverse bulkheads in the expansion 
trunk are connected to the trunk side horizontal stiffeners with brackets on the forward and after sides 
of the bulkheads, and when horizontal stiffeners are fitted on the summer tank bulkheads, these are 
bracketed on one side of the bulkhead only to the expansion trunk side, as in Fig. E. 
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TRANSVERSES.—Hydraulic riveted with snap heads and points. ‘These are prepared, punched and 
sheared from a solid loft mould which is built up in four sections (Fig. 12), the bottom transverse from 
the overlap at A to the overlap at D, the side from A to B, the deck from B to C, and the centre line 
bulkhead vertical web from the overlap at C to the overlap at D. Skeleton templates are supplied for 
the bilge section of the transverses in the end tanks. Solid moulds are also supplied for the brackets to 
the bottom transverses and to the deck transverses on the face side of the centre line bulkhead where no 
vertical web is fitted. 

The bottom transverses are assembled at the skids. All the vertical, face and shell attachment 
angles are riveted to the plate and to the side brackets at the centre line and bilge. 

The shell attachment angles—intercostal between the longitudinals and joggled in way of the shell 

late landing edges—are faired carefully before being bolted in position and riveted. On the flat of 
ttom a straight edge is used to fix the alignment. The rivet holes in the bent angles round the bilge 
correct these angles for fairness. Sometimes w flexible batten is applied as a check. 

Alternatively a template is prepared to suit the bilge curvature and it is held in position during the 
fairing of the shell attachment angles at that part. It is found that about five different templates are 
sufficient to complete the bilge fairing between the forward and after cofferdams. 
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A more accurate but more costly method is by fitting continuous shell attachment angles to’ the 
transverses, and after they have been completely riveted, the angles are cut off in way of the notches for 
the longitudinals with an acetylene burner; a modified method of the foregoing is to fit continuous 
angles round the bilge only, and these are cut off, as previously described, after they have been riveted. 


Fairing the shell attachment angles during riveting is sometimes carried out by bolting short angle 
lugs across the notches, and these are not removed until the riveting is completed (Fig. 12). 


When overlapped butts are fitted in way of notches for longitudinals, an extra row of rivets is 
required. All the holes are punched in the standing flanges of the support angles for the bottom and 
deck longitudinals. Only one hole is punched in the angles for the connection to the side longitudinals 
and centre line bulkhead horizontal stiffeners, the remaining holes being drilled after the erection is 
carried out and the longitudinals faired. 


A general remark might here be made, viz.:—All bars must have the burr beaten or cut off to 
ensure their lying close to the plates to which they are attached. 


If rectangular holes have to be cut in transverses or vertical webs to allow the flanges of heating 
coils to be passed through, these should be rounded at the corners and kept well clear of the toes of 
the brackets. 


All the other transverses and the centre line bulkhead vertical webs are assembled separately, faired 
and riveted at the skids in the same manner as that of the bottom transverses—the side transverses from 
the overlap at A to the overlap at B (Fig. 12), the centre line bulkhead webs from the overlap at C to 
the overlap at D, and the deck transverses from B to ©, except that on the face side of the centre line 
bulkhead the large brackets are riveted to the deck transverses. 


When transporting and lifting facilities are suitable, all the transverses are joined together and their 
overlap connections hydraulic riveted before erection. Conversely the side and deck transverses are 
completed in one piece from the overlap at A on the outer lower bracket to the overlap at C on the 
upper inner bracket. A temporary stay is bolted in position, as indicated on Fig. 12, to hold the 
transverses in form during the final riveting of the overlap at B and of the outer end of the face 
angle on the deck transverse. 


The transverses above the 2nd deck in the summer tanks are completed in a similar manner. Only 
two holes should be punched in the lower bracket plate connection to the deck angle (Fig. 12) (this angle 
has the holes in both flanges punched from loft battens), and after the fairing of the sides and 
deck the remaining holes are drilled through the bracket plate. All the holes are punched in the 
upper bracket angle connection to the expansion trunk side. 


The transverses in the expansion trunk are completed as described above. 


LoNGITUDINALS.—The bottom longitudinals (fitted in one length between the bulkheads) and the 
brackets attaching them to the transverse bulkheads are prepared from loft battens except those in the 
end cargo tanks and the after oil fuel bunkers. 


All the rivet and drainage holes are punched with the exception that one hole only of these, 
for attachment of the standing flange to the transverse support angles, is punched for hanging up 
purposes (Fig. 11). The other attachment holes are drilled in the longitudinals after erection and the 
fairing of the bottom is completed. 


Back bars are fitted to the bottom longitudinals on each side of the transverse bulkheads when the 
length of the vessel exceeds 400 feet. 
Drainage holes should be kept well clear of the extremities of the end brackets. The sizes and 


spacing of these in the bottom and side longitudinals and centre line bulkhead horizontal stiffeners are as 
follows :— 


6in. bulb angle or channel... ..» in. drainage hole ... ... Spaced 12 ins, apart 

Yin, +5 tee eee RL ANS SAW EVES 153, HG mee Bi Ding es 

9 in, 3 Fe vat Ree Line aa ese “ee prem Kita eee, 
12 in. p be vas Trity-aniie Sepee eR oad oF al OAS. as 
12 in. ~ rn py Pe OES ai ere ae ee as sof POONA oes 
15in. rr * ead wae gnu. ae state wat svi) cBEGANRet,5 
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The bottom longitudinals are hydraulic riveted at the skids, with pan heads and points, to the 
brackets at their ends and with back bars if required. The punching of rivet holes in the vertical edge 
of these brackets on the flat of bottom varies considerably. One method is to punch two holes only for 
erection purposes (Fig. 11) and after the longitudinals are fitted in position and faired, the remaining 
holes are drilled. A second method is to punch all the holes a size smaller and after the bottom has been 
faired to rime them out to full size. A third method (which is not desirable) is to punch all the holes 
full size (except at the ends of the ship) and if any of the brackets are found inaccurate after fairing 
they are renewed. 

Where an intercostal girder is required in vessels exceeding 60 ft. in breadth, it is assembled with its 
double upper and shell connection angles at the skids. These girders are riveted with pan heads and 
points, ouly two holes being punched in the plate at the end connections to the transverses and bulkheads 
for hanging up purposes during erection, the remaining holes being drilled after the girder is faired in 
position. Alternatively, all the end connection holes are punched a size smaller and rimered out after 
the girders are erected and faired. 

The side longitudinals are prepared from loft battens with rivet holes punched in the shell flange and 
in the standing flange at either end for the bracket connections to the bulkhead, also with all the holes 
punched for the angle connection to the transverses (one hole only was punched in the angle connection 
to the longitudinal). The brackets to the transverse bulkheads are lifted by templates from the ship and 
fitted after the side longitudinals are erected and faired, as it is found more advantageous to get these 
longitudinals in position in the simplest possible form. 

The side and bottom longitudinals at the ends of the ship are set to shape at the squeezers from a 
template consisting of a board with movable pointers which can be adjusted to suit the form of 
the finished longitudinals, as in Fig. 114. 


BUTTERFLY Nut. 


- 410" | Fig. 11a. 


The offsets for adjustment of the pointers are obtained from the loft. 
Another form of template is an iron sett which must be stiff, otherwise alteration of form would take 


The deck longitudinals are prepared in a manner similar to that of the bottom of the ship, with all 
the rivet holes punched except in way of the attachment to the transverses where one hole only is punched 
in the longitudinals, the remainder being drilled after erection and fairing. All the deck and side 
longitudinal brackets, also those for the centre line bulkhead horizontal stiffeners and the bottom 
longitudinal brackets in the end tanks are lifted from the ship. The brackets and diaphragm plates in 
the cofferdams and pump room are similarly templated. 

The stringer and deck plates amidships are prepared from loft battens with the exception of three 
strakes, viz., one over the centre line bulkhead and one strake over the expansion trunk sides which are 
lifted by pte from the ship. ‘The stringer and deck plates at ends, also the bulkhead shelf plates at 
the level of the 2nd deck are prepared from moulding loft skeleton templates. 

When the inner strake of 2nd deck plating is continued up the expansion trunk side (Fig. 12) by 
a flange forming a coaming, these plates should in all cases be lifted from the ship, otherwise inaccuracy 
is sure to arise, as it is almost impossible to obtain fair holes on both—horizontal and vertical—planes. 
If loft templates are used, the holes should not be punched in the landing edge of the deck plating which 
is to be attached to the flanged trunk side. These holes are drilled after the side is faired. 
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The horizontal shelf plate across the transverse bulkheads is sometimes connected to the 2nd deck 
plating by an overlap in which a few tack holes only are punched, the remaining holes being drilled after 
the deck and trunk side plates are faired. When the inner strake of 2nd deck plating is lifted from the 
ship, the holes in the overlap of the shelf plates are all punched. 

When the upper and 2nd deck plates, also the trunk side plates, are prepared from loft templates it 
is advisable to put a few tack holes only in the bulkhead boundary angles to the deck, or to have the 
holes a size smaller in the first instance, these being drilled or rimered out after erection and fairing. 


The expansion trunk, if carried above the upper deck, should have the deck connection angle caulked 
on al] three edges, viz., both toes and the heel. 


Encine Szatinc.—The floor plates in the engine room double bottom tanks are fitted transversely 
and intercostal between the continuous longitudinal girders on each side of the centre line. Intercostal 
girders are fitted between the continuous girders and the tank sides. 

The longitudinal girder plates and all the floor plates, extending to about 1 ft. 6 in. beyond the outer 
edge of the bedplate, are fitted in the first instance with their edges protruding beyond the heels of the 
upper and shell connection angles. These edges are dressed off flush with the heels of the angles after 
the floors and girders are fitted and the riveting is completed. 

All the material inside the double bottom is prepared from loft skeleton templates except the engine 
room tank top plates and the intercostal girders which are lifted by template from the ship. Some yards 
prepare the intercostal girders from loft skeleton templates. 

The rivet holes in the floor plates, continuous girders and angles under the bedplate are punched a 
size smaller, and after the various members are fitted together the holes are rimered out full size and 
countersunk. ‘The rivet holes through the flanges of the angles to the tank top engine seating plates are 
also punched a size smaller. Those in the plates are punched full size and countersunk and after being 
fitted together the boles in the angles are rimered through full size. This procedure is carried out to 
ensure perfect seating work under Diesel Engines. 

The continuous girders are fitted in two or three plates in the length and connected with a treble 
riveted overlap or single strap. The continuous girders are generally assembled near the locality in which 
they are to be erected, as they are too heavy to transport any distance. The upper and vertical angles 
are hydraulic riveted with countersunk heads and points—pan heads are not used as they would form an 
obstruction during the riveting of the other flanges after the floor plates and girders had been erected. 
If hydraulic plant is not available, pneumatic riveting is carried out. 


The position of the holding down bolts is marked before the tank top plates are riveted, as the holes 
adjacent to these bolts should have rivets with countersunk heads and points, the remainder being riveted 
with pan heads and countersunk flush points. 


The top plates and the completion of the inside of the tank is pneumatic riveted, as a jamb back can 
be held readily on a bearing surface for holding up. 

ERECTION AND FarRInc.—The keel plates and double keel angles having been laid on the keel 
blocks, the continuous centre line bulkhead lower plates are fitted. The completed cruciforms at each 
end of the tank are then erected in position and securely fastened to the continuous bulkhead lower 
plates (Figs. 4 and 8). 

In the alternative construction of cruciform (Figs. 6,8 and 9) which is continuous from the trunk 
top to the keel em and with the centre line bulkhead lower plates not continuous through the transverse 
bulkheads, the keel angles having been previously riveted to the plates, it is clear that the lower centre 
line bulkhead plates are erected with attachment angles complete and connected by a treble riveted 
overlap to the lower end of the cruciforms. 


The bottom strake of the transverse bulkhead plates is next erected and held in place with bolts 
through the vertical connection to the cruciform and to the keel plate. These plates are supported at 
their outer ends by bilge blocks and at once faired. ‘he accuracy of the bottom, sides and deck is 
dependent on the correct adjustment of the transverse bulkheads, also of the bottom, side and deck 
transverses in conjunction with the connections of the longitudinals. 


The transverse bulkhead lower plates having been marked during the preparing stage with an 


assumed base line, this height is now carefully checked by a water level, or measurements are taken from 
the moulding loft to the heel of the boundary angles, and these dimensions are verified at the ship. ~ 


12 


To ascertain that the bulkheads are square off the centre line bulkhead, check measurements are 
taken from a point on the middle line 20 or 30 ft. forward or aft of the transverse bulkhead. The 
diagonal distance from the outer boundary angle to this point should be the same on both sides of the 
vessel. 

The bottom transverses are then erected and faired in a similar manner to that of the transverse 
bulkheads and supported by bilge blocks. 

The bottom longitudinals on which the end brackets had been previously riveted (except in the end 
tanks) are next placed in position and faired with angle lugs bolted to the shell attachment angles at 
the “ cross over” in way of the notches in the transverses (Fig. 12) and likewise faired at the transverse 
bulkheads (Fig. 11). One hole only in the longitudinals for their attachment to the transverses, and two 
holes in the vertical edge of the end bracket plates having been punched for hanging up purposes, the 
remaining holes are drilled through, the correct alignment having been obtained. (All the holes were 
punched in the support angles on the transverses and in the vertical angles on the transverse bulkheads.) 
The riveting of the bottom longitudinals to the transyerses and transverse bulkheads is then completed. 

The bilge blocks are left in position to support the transverse bulkheads. Those under the 
transverses are also left in position, or they may be removed and shores erected on each side of the ship 
under each bottom transverse. Two sets of shores are sometimes fitted—one set in way of an outside 
strake and one set in way of an inside strake of plating. The second set is in reserve, as the plater 
sometimes knocks out shores for his convenience. A ribband fitted all fore and aft at the bilges is a 
good check for fairness. 

The centre line bulkhead vertical webs, with their upper brackets complete, are erected and bolted 
to the connection angles on the bulkhead and to the inner brackets at “ D” (Fig. 12) on the bottom 
transverses. In the meantime the erection is being carried out, in rotation, of the various strakes of 
centre line and transverse bulkheads. 

The side and deck transverses having been riveted together at the skids, are also bolted to the outer 
brackets on the bottom transverses at “A,” and to the upper brackets on the centre line bulkhead 
vertical webs at “CO” (Fig. 12). 

The cruciforms and bulkhead frames correct the heights of the transverse bulkheads at centre and 
sides. The moulded breadth, being fixed by the transverses and the bulkheads, is verified at this 
time. 

At least four full sized service bolts and several drift pegs should be fitted through the seams of 
each plate in the longitudinal and transverse bulkheads, as otherwise the plating would sag under its own 
weight. 

The transverse bulkhead vertical webs are prepared from solid loft moulds (the connecting angles 
having been riveted to the bulkhead plates at the skids), the face and other angles can be hydraulic 
riveted to the web plates before erection. 

The transverse bulkheads are erected in one or more pieces completely riveted and caulked when the 
appliances are suitable. The bulkhead boundary angles are sometimes prepared as a complete frame, 
riveted to the lower bulkhead plate and erected with it, otherwise they are fitted in two lengths on each 
side of the ship. 

When the transverses and vertical webs are riveted together at the skids in one complete frame, the 
erection is simplified, but care must be taken that distortion does not take place during transport and 
raising in position. 

The side longitudinals are in their turn erected between the transverse bulkheads and held fair in 
position at the cross over of the side transverse by angle lugs bolted to the shell attachment angles at the 
notches and at the bulkheads, as in the case of the bottom longitudinals. They are fitted in the same 
plane as the transverse and longitudinal bulkhead horizontal stiffeners, and as brackets attaching their 
ends had not previously been fitted at the skids, a template is lifted from the ship, thus giving accuracy, 
and after they are riveted in position the side longitudinals are held fair at the bulkheads. 

As only one connection rivet hole was punched in the support angles on the side transverses (all the 
holes were previously punched in the longitudinals) the remaining holes are now drilled and riveted. 

All the bottom and side longitudinals are fitted without bevel to the shell plates, and when these are 
erected they lie in a plane vertical to the plating, but require to be screwed into position in the tanks at 
each end of the ship. 
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The deck longitudinals are erected and faired in the same manner as that of the side longitudinals, 
the end brackets lifted by template from the ship, and the remaining connection holes to the deck 
transverses drilled. The longitudinals can now have the end brackets and support angles on the 
transverses riveted. 

The framing and bulkheads having been erected and faired to the 2nd deck, the plating of this deck 
can be carried out: the transverses in the expansion trunk and the trunk side plating are also fitted in 
place, all having been prepared from the loft. The 2nd deck inner strake of plating, if flanged up the 
trunk side, also the stringer angles are lifted from the ship and erected in position. 

If the trunk side is connect. d by a double 1iveted angle to the 2nd deck, the batten used to mark 
off the lower trunk side plate and the inner 2nd deck plate can also be utilized to prepare thisangle. It 
is first tried on the deck and then turned vertically to ascertain how much discrepancy there is, as the 
trunk side plating may have been worked into the ship slightly out of position—if so, the necessary 
correction must be made. 

The deck connection angles to the side transverses above the 2nd deck, having been prepared from 
loft battens, are fitted with all the holes punched in both flanges. 

The completely riveted and caulked bulkheads in the expansion trunk and in the summer tanks, also 
the side transverses and longitudinals above the 2nd deck, are next fitted in place and faired. The 
boundary angles to the trunk sides and 2nd deck are dealt with as described under heading “Transverse 
bulkheads.” 

SHELL Pratinc.—This plating is not joggled and it is usually lifted by template from the ship as 
there is a possibility of inaccuracy if the plating, or part of it, is prepared and punched from loft battens. 
It is thought that the liability to error with both the framing and plating prepared from loft templates is 
considerable on account of the number of short shell connection angles on the transverses, as a slight 
error in fitting and fairing may be difficult to correct. 

When the flat of bottom and the plating on the straight sides are prepared from loft templates— 
battens-—it is understood, except when multiple drilling is carried out, that this is only more economical 
than the older method when two or more vessels are built off the same scrieve. Greater accuracy is 
required when marking and punching the bulkhead boundary angles, the shell connection angles to the 
transverses and the longitudinals, than when the shell plating is lifted by template from the ship, as it 
has been found that there is difficulty in maintaining consistently the necessary degree of accuracy. 

The extent of loft template work is frequently confined to the flat of bottom and sides, i.e, from 
about half length amidships in the garboard strake to about one third length in the strake below the 
bilge, and from about one third length amidships in the strake above the bilge to about half length in 
the 2nd deck sheerstrake when that deck is fitted without sheer. 

It is not generally accepted that the advantages of loft templates for the shell are very great, but it 
is recognised that time is gained by having plating ready for erection. 

There are two methods of erecting plating which has been prepared from loft templates. First, 
after the framing is in position and faired, the shell plates are attached; second, the flat of bottom 
plating is erected in place and supported by blocks, the plate landing edges and end laps bolted 
together, and the transverses, bulkheads and longitudinals then fitted into position. The latter 
method may be costly in timber for shoring purposes, as a considerable heavier weight has to be faired 
up; otherwise it is thought that a saving is obtained through the bottom plating being used as a 
dumping platform for the bulkheads and framing. 

The greatest care should be taken when the scarphs at the overlaps of inside strakes of shell plating 
are being machined, as they must not be broader than the width of the overlap (Fig. 3). It is evident 
that a scarph broader than is necessary, as indicated by a dotted line on the sketch, leaves part of the 
plate—which has been planed to a knife edge—exposed to corrosive action and in a comparatively short 
time it is wasted away, thus causing leakage. 

If a scarph is accidently prepared too broad, it should be built up by electric welding. The same 
care must be taken with all the scarphs of inside strakes of deck and bulkhead plating. 

At least four full sized service bolts and several drift pegs must be fitted through the transverses and 
landing edge of each plate when it is being erected, especially on the sides of the ship. 

BitGeE Krrts.—The tee bar is riveted to the shell with countersunk heads and points and is caulked 
all round. At the cross over of the bulkheads and bottom transverses the four rivets under the tee bar 
are finished flush with the shell plates and their points are caulked before the bar is placed in position. 
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The rivets through the tee bar and shell plate at a cross over should be punched as near the edges of 
the bulkhead or transverse connection angles as practicable, as they are (even with careful spacing) about 
9}ins. apart, and when the tightness is partly dependent on the caulking of the edges it is clear that 
wider spacing may be detrimental. Sometimes tap rivets with fine threads are fitted through the tee bar 
between each underlying pair of rivets, but these should not go quite through the shell plate. Their 
points are caulked, thus securing them in place. 


Another method is to electric weld both edges of the tee bar to the shell in a length of about 10 ins. 
at the cross over of the transverses and bulkheads. It is necessary to re-caulk the bar at each end of the 
electric weld, as this welding starts the original caulking. 


When the tightness of the tee bar is dependent on the caulking, stoppers are laid between the tee bar 
and the shell plate just beyond either edge of the bulkhead or transverse connection angles. 


RiveTixc.—When plates are drilled, greater accuracy is obtained as the holes can be better centred 
than with a punching machine, and it is understood that multiple drilling is considered to be cheaper 
than punching. 

Thick necked rivets are used in punched holes. Plain necked rivets may be fitted in drilled holes ; 
if thick necked rivets are used the holes should be necked except that with hydraulic riveting thick 
necked rivets up to 7 in. diameter can be correctly fitted in a drilled hole (not necked) and up to } in. 
with hand riveting. 


Unfair holes should be rimered with a drill of the same diameter as the holes only when it is possible 
to drill vertically through. When holes are more than slightly out of alignment they should be rimered 
out a size larger. Countersunk holes which have been rimered out should be recountersunk. It is 
difficult to get good recountersinking on the upper side, but the difficulty is infinitely greater on the 
under side, and it requires the constant attention of the Surveyor, as rimering and recountersinking are 
generally carried out by boys who do not always appreciate the importance of their work. 


The cups of the hydraulic riveting machine must be kept in perfect order, as they are liable to 
become partially choked with slag, or they wear down, and the result is an inefficient rivet point with a 
collar (Fig. 16). They must also be in correct alignment, otherwise the rivet point would be finished 
with a jockey cap (Fig. 13). If a cup is too deep, the rivet is not properly pressed home, but this is 
readily detected as it leaves a circular impression on the plate. 

In oiltight work rivets with convex countersunk heads and points are fitted if hydraulic riveting is 
carried out. Flat countersunk heads are used for hand riveting, and convex or flat countersunk heads 
for pneumatic riveting. 

The holes for rivets with countersunk heads require to have the countersink in conformity with the 
_ of the head, as it is impracticable to stock rivets with varying depths of countersunk head to suit 
each thickness of plate. For example: 4 in. rivets would have to be manufactured with (countersunk) 
heads varying in depth from °50 in. to at least °36 in., and for 4 in. rivets the depths would vary from 
"65 in. to *46 in. in plates -72 in. to ‘51 in. thick and possibly less for thinner material, as a plate 
requiring a 3 in. rivet is frequently attached to an angle considerably less in thickness, thus necessitating 
a comparatively shallow countersunk head for that size of rivet. 

A common depth of countersunk convex head in a be rivet, as manufactured, is about °36 in. which 
is equal to the lowest thickness of plate, as per Rule, and in the case of Zin. rivets the depth of counter- 
sunk convex head is about ‘44 in., almost corresponding to the depth of countersink required in a plate 
‘51 in. thick, which is the lower Rule thickness for that size of rivet. British Standard rivet heads are 
indicated in Fig. 19, but shipbuilding rivets do not appear to be quite in conformity with this Standard. 


The finished countersunk convex head to be aimed at should be very slightly higher than the plate 
at the edge of the hole—never under the surface of the plate—and about ,°, in. full at the middle, with 
the peint similarly completed in a rivet Zin. diameter as in Fig. 13. 


In flat (countersunk) headed rivets used for hand or pneumatic work (Figs. 18, 17 and 14) it appears 
that two depths of countersunk heads are commonly manufactured for 1 in. and { in. diameter, viz., 
about 48 and °64 in the former, -44 and ‘56 in the latter. This is also not in accordance with the 
British Standard Rivet Head (Fig. 19) which indicates a uniform depth of countersunk head equal to 
rather less than half the diameter of the rivet. It is understood that only one depth is manufactured for 
j in. rivets, viz., about °36 in. (Fig. 15). 
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The flat head of a rivet should project about }in. above the surface of the plate and care must be 
taken that the hole for the head be not countersunk too deeply, otherwise it would be under the surface. 
These heads in some cases, such ss the upper deck gunwale angles and bulkhead boundary bars, are 
afterwards “rolled up” (Fig. 15) generally by a caulker. 

Finally, with regard to riveting, I might state that it is not good practice to caulk the points or 
heads of countersunk rivets before the water testing has been carried out, as defects might not be 
discovered until after the vessel is in service. It is quite in order during the water test to caulk the 
points of slightly leaky rivets, and it may even be found necessary to caulk the countersunk heads when 
the back test is being carried out. 

JoinTING, StopPERS & SHOTS.—Paper on the face side and thin canvas on the stiffener side is a 
common practice of jointing to avoid injections in way of three ply work, such as two angles with a plate 
between, or the landing edge of two plates at the crossing of a vertical angle. It has been found that 
canvas helps the heads of the rivets where no injection work can be done. No jointing should be required 
in hydraulic riveted cruciforirs or bulkhead boundary bars, except when bulkhead plates are fitted flush 
with the heels of the boundary angles, in which case jointing is fitted in the flanges to the bulkhead. 


In a caulked angle a stopper of a small strand of marline or spunyarn is laid just beyond the end 
rivet at the extreme end in way of shell or other plating where obviously no recaulking can be done in the 
course of testing (Fig. F.). On the uncaulked side of the bulkhead stoppers are fitted at each end of the 


angle in three-ply connections. | 


Fie. G. Fie. H. 


In way of an overlap crossed by a stiffener, the stoppers are fitted across the angle just beyond either 
edge of the overlap, also between the plates forming the overlap just outside either edge of the stiffener 
(Fig. G). Stoppers are also fitted across the landing edges of transverse bulkhead plates just outside 
the toe of the boundary angle—either outer or inner (Fig. H). They are similarly fitted between the 
anding edges of deck and shell plating crossing these bulkheads (Fig. J). 
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In general, stoppers are fitted as it has been found that unnecessary injection work has otherwise to 
be done and it enables light leakage to be localized. 

The question of the number of shots or injections is dependent on the care and efficiency which has 
been exercised at the several stages of construction, and it is difficult to lay down any hard or fast rule 
regarding the permissibility of making work tight by this method. 


Fie. J. 


At transverse bulkheads the plates are cut short about ,%; in. from the heels of the boundary angles, 
and the cavity filled with Vulcan cement, but this should not be done before the bulkhead angles are 
riveted to the shell plating. One method is to drill injection holes, before testing the tanks, in the 
boundary angles about 6 ft. apart on the caulked side of the bulkhead only (shot holes should not be 
drilled on the uncaulked side until found necessary during the back test) and it is advisable to begin 
with the pump at the centre line and to work out and up the sides of the bulkheads. 

It is to be noted that when shots are fitted in the face side of the bulkhead they are in the bosom of 


the angle and, if required, in the 6 ins. x 6 ins. vertical web angles, etc., at the back test, these should 
be in the middle of the flange (Fig. K). 


STIFFR: Sipe OF BHD. 


Fie. K. 


TzstTinG.—The test head of 8 ft. required by the Rules is intended to apply to the tanks of large sea 
going Oilers. This would be considered somewhat excessive for smaller vessels and might cause undue 
strain to be brought upon the various members forming the tanks, consequently the test head height may 


be modified to 5ft. in vessels 280 to 305 ft. long, 14 to 16 ft. deep, and further modified to 2 ft. head 
in small craft. 


Staging is erected on both sides of the bulkheads about 5 to 6 ft. apart and lashed to the brackets, 


etc., during the testing, and to angle lugs which are riveted on the side of the bulkhead on which no 
horizontal stiffeners are fitted. 
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The face side of the bulkheads are tested in the first instance so that the caulking and riveting can 
be corrected. The back test is afterwards undertaken and it is sometimes found on the centre line and 
transverse bulkheads that the heels of the connection angles to the vertical webs, also of the horizontal 
stiffeners on Nos, 3, 4 and 5 spaces from the base line show slight moisture. ‘This is rectified by shots 
on the vertical angles, and in the case of the horizontal stiffeners the only remedy is to caulk the points 
of the rivets in way of the damp parts after the compartment has been drained out. 


The fitting of rivets with countersunk heads in bulkhead stiffeners, as described under ‘Centre Line 
Bulkheads,” is done partly with the object of removing the punching rag, as it is thought when this is 
overlooked that it may sometimes be the cause of the slight dampness described above during the back 
ie, and it has been found that the countersunk head is easily touched up, thus saving an injection at 
the back test. 


It may be of some interest to know that during the testing of a cargo tank in a 400 ft. ship the pipe 
through the hatch cover was fitted 7 ft. long with a bucket screwed on to its upper fi When 
this pipe was filled and the water came to perfect rest at the level of 3 ins. in the bucket, the latter 
was unscrewed and the 3 ins. water in it was released instantaneously. The reduction of 3 ins. pressure 
height caused the water to spout about 3 ft. high, and on lengthening the pipe to 8 ft. with the same 
fitting on its upper end, 7 buckets of water were required to increase the pressure height by one foot 


In conclusion, I have to express my thanks to Mr. T. Shaw who, in the first instance, suggested. 
writing the Paper, and who has given me freely the benefit of his great experience. 
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DISCUSSION ON Mr. J. MACDONALD’S PAPER 


ON 


“THE PRACTICAL CONSTRUCTION OF 
OIL TANKERS.” 


THe PRESIDENT. 


During the course of my experience with the Society, I have had, for quite a number of years, a very 
close acquaintance with the construction of oil carrying vessels as far as that can be obtained from the 
examination of plans but my knowledge of details of practical construction has been very limited, for 
which reason I welcome particularly the paper which Mr. Macdonald has prepared. In the circumstances 
my observations must take the form of seeking further information and the first point on which I would 
like the author’s views relates to the practice of punching holes a size small and then rimering in place. 


This system has been in vogue on the Continent for a long time past and I have heard it condemned 
on the ground that if a man knows the holes will finally be rimered he does not exercise the same care to 
secure accuracy as if the holes were punched full size at once and consequently must be fair. In addition, 
it is said to be difficult to ensure that the rimer is used at right angles to the surface and that in many 
cases the re-countersinking is carelessly carried ont. As this method is well-known to the author perhaps 
he will explain if these objections have any solid basis. 


One section which has much interested me is that relating to details of securing tightness and I 
would suggest it would be a desirable addition if the author would state more specifically those members 
which it is essential should be caulked, with possibly some suggestions drawn from his experience as to 
any additional caulking which may be desirable although not absolutely essential. 


Some attention is given in the paper to alternative forms of construction at the junction of the 
transverse and middle line bulkheads, and I would like toask Mr. Macdonald which type he recommends. 
I have never quite understood why the cruciform section with four separate arms is sometimes fitted, 
although it must offer some advantages to secure its adoption by experienced builders. 


The final point to which I would refer relates to the use in some parts of the ship of countersunk 
head rivets and I would be obliged if the author could give a list of the parts in which he would 
recommend the use of this form. The sketches, figures 14-19, are of special interest to me as illustrating 
clearly a point on which I have been secking information, namely, exactly how these rivets are fitted. 
From the sketches it appears that the practice followed is the only practicable one, to countersink the 
plates to the exact depth of the head, but I had not previously been able to get any confirmation of this 
arrangement. 


Although I cannot suggest any practical solution of the problem, it appears to me to be somewhat 
inconsistent to insist that the rivet point should be countersunk for the full thickness of the plating while 
accepting a countersink of only about half-thickness for the head, but I presume the results must be 
satisfactory. 


Mr. Macdonald’s paper has been to me, and will be I am sure to our colleagues, a source of much 
valuable information, and we are very much indebted to him for the time and care spent in preparing so 
useful and informative an addition to our transactions. 
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Mr. A. G. AKESTER. 


Mr. Macdonald has again given us the benefit of his experience in the form of a practical paper, and 
we are indebted to him not only for so doing, but also for putting his notes together in such a readable 
manner. 


I am sure papers of this kind are useful and might easily enjoy a wider circulation if the rules of our 
association allowed, since anybody taking up tanker construction for the first time would be only too 
pleased to have such a record of detailed experience in front of them. 


All the same, this type of paper is not easy to discuss without running the danger of repetition, as one 
is never quite sure what really is in the paper, so many are the details. 


I shall, therefore, confine my remarks to a few items which occurred to me on reading through the 
paper for the first time. 


In regard to the statement that in the building of the ordinary passenger ship as opposite to that of 
the tanker, “it is important to have the ends well ahead of the main part of the vessel,” I think this 
should be modified in the case of the larger passenger vessels, for what with the manufacture and fitting 
of complicated stern frame castings, shaft brackets, rudders and the like, to say nothing of the difficulties 
of the stern plating, the after end may easily govern the date of launch. As an example, a ship I 
have in mind at the moment, although plated and riveted amidships, is not even framed at the after end, 
nor fully plated forward. 


With regard to the construction and testing of tankers generally, I think it can be said that builders 
have come to the conclusion that there is truth in the old adage—‘ that prevention is better than cure.” 
By this I mean that they find it cheaper and better to prepare a tank for test rather than doctor it up 
afterwards. The result is that throughout the testing of an oil tanker nowadays it is the exception to 
have any hitch at all, and so thorough is the preparation of the tanks, as outlined at length in the paper, 
that the finding of a small leak is apt to be magnified out of proportion to its seriousness. There is one 
other aspect of this subject, however, and that is, that all ships are not uniformly free from leaks in 
actual service, and the question arises, therefore, as to whether the expedients adopted prior to the initial 
testing are of a more or less temporary nature or not. I should be glad to have Mr. Macdonald’s view on 
this point. 

As it is customary to use a modified joggle on the bulkhead frames (see also page 6 of the paper) 
would it not be better to define in the Oil Rules what 7s allowed, and not leave it as at present badly 
stated in Section 11, paragraph 7 (b)—‘The boundary angles are not to be joggled.” 


Under transverse bulkheads, page 7, reference is made to the “angles for brackets to the bottom 
longitudinals being caulked before erection.” I think Mr. Macdonald will agree that T bars are now 
often used here, and that while it is the practice in some yards to caulk these on both sides of the bulk- 
head, other yards caulk them only on the one side. From an examination of these T bars riveted in 
place some time ago, I came to the conclusion that an improvement could be made in the relative 
proportions of the flanges, especially in the thicker bars. 


The choice of T bar for these connections is from 6 ins. x 4 ins., 6 ins. x 6 ins. and 6} ins. x 64 ins., 
the standard thicknesses being 4 in. and & in. 


Using a 6 ins. x 4 ins. x °50 in. tee with a half inch bracket the heads of the rivets through the 
bulkhead flange are apt to foul with the bracket, whereas with a 6} ins. x 64 ins. tee, material is thrown 
away on the vertical flange. 


I would suggest that a 7 ins. x 4 ins. tee bar would make a better connection. 


As reference is made in the paper to back bars of bottom longitudinals, it might be as well to record 
that the Society’s Rules also require back bars to bottom transverses in all vessels whose length is greater 
than 480 ft., and in vessels not exceeding 480 ft. in length where the spacing of the transverses multi- 
plied by the length of the vessel exceeds 4,300. This rule applies also to side transverses except that the 
back bars need only be fitted in vessels exceeding 30 ft. in depth. 


When going round transverse bulkheads during the testing of tanks in an ordinary longitudinal 
tanker, I have been struck by the closeness of the brackets to the longitudinals and bulkheads at the 


3 


bilge—see also figure 10. In my opinion, they are too close here, as owing to the round of the bilge they 
tend to converge upon a common centre. When compared with the arrangement at the bilge of a tanker 
longitudinally framed on the bottom and transversely at the sides, there seems to be no doubt that the 
bilge of one is much stronger than the other. I ‘would Suggest that the brackets in the ordinary 
longitudinal tanker might be cut down further than the actual working considerations necessitate, which 
appear to be the only limiting factors at present. 


On the other hand, I think the lugs to the side transverses in way of longitudinals both at the shell 
and centre line bulkhead are sometimes too short, low down and that they should all extend to the web 
face bar, say from the level of the first bracket, down to the bottom. In some cases, say a 440 ft. ship, 
and with the first bracket near the middle of the tank, this would only effect one lug which is at present 
short, all the others being long. 


Other items might be referred to, but I will leave them for colleagues to raise. I should, however, 
like to ask Mr. Macdonald if he can say where, during his long experience of the construction of 
longitudinal tankers, in his opinion, the greatest improvement has taken place. 


Mr. Bartnerr. 


Without doubt Mr. Macdonald’s paper will become a standard work of reference regarding the 
construction of tankers, and it is a pleasant duty to be permitted to join in a discussion which may draw 
further information from the author. 


The question of depth of countersinking and countersink heads generally, raised on page 14 of the 
paper, is one of considerable importance. A standard depth of countersink for size of rivet hole would, 
if practicable, prove a boon to builders and surveyors, and for obvious reasons would facilitate and 
improve the work in many parts of a vessel. 


The practice of necking drilled holes to permit of thick-necked rivets being fitted is one which is 
open to some criticism. Unless the necking is carefully carried out by experienced workmen the rivet 
will not properly fill the hole. 


Discussing the tank top engine seating, Mr. Macdonald states that the rivet holes through the 
flanges of the angles of the tank top engine seating plates are punched a size smaller and then rimered 
through holes in the seating plates, which are punched full size. It is suggested that in such an 
important part of the structure drilled holes are preferable, care being taken to lift the plates and clean 
off all the flanges beneath after the drilling has been completed. A number of owners specify that 
seating plates of Diesel engines shall be drilled, 


The author’s opinion that greater accuracy is required when shell plating is prepared from loft 
templates as compared with lifting by template from the ship may be true, but this is also a most 
desirable feature in tanker construction. Personally it is considered that loft templating, combined with 
the use of the “one man” punching machine, produces work of a quality and accuracy which is 
comparable with the best work resulting from lifting from the ship. 


The penultimate paragraph concerning the effect of an alteration of even three inches in the pressure 
height when testing cargo tanks draws attention to a point which sometimes receives too little attention 
in shipyards. One actual experience may be quoted. Foreman caulker to assistant filling bucket on 
stand pipe :—“ Give her plenty, its a good bulkhead and a few extra buckets is nothing on a thousand 
tons of water.” 


The “few extra buckets” turned what looked like a good bulkhead into one which required 
considerable attention before it could be accepted. 


The requirements for testing at present in force are quite severe enough, and even a few inches of 
extra pressure is to be avoided, since it is liable to introduce complications in the nature of started seams 
which are unusual under ordinary test conditions. 


Asking for more is a venial offence often condoned in the best surroundings. Perhaps 
Mr. Macdonald, in replying to the discussion, will kindly add a few words on welding, and more 
especially as regards the places where it is customary to employ it on tankers. 
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Mr. Biocksipa@r. 


The supply of papers dealing with the practical details associated with the construction of oil 
tankers is very limited, and neither in the transactions of the various Institutions nor in the modern 
text books do we find much helpful literature for the student. The paper submitted by Mr. Macdonald 
for discussion this evening is the first contribution to the transactions of Lloyd’s Register Staff 
Association, and is a welcomed addition. 


The author is to be congratulated for his attitude in approaching the subject relating to the 
necessity, based on experience, of the employment of stopwaters in various parts of the structure in 
order to obtain oiltight connections, It would be an advantage to surveyors unacquainted with the 
construction of oil tankers if Mr. Macdonald would be good enough to give some indication as to what 
parts of the structure, other than those to which he refers on page 15, it is anticipated that leakage is 
likely to occur, and where steps are taken to prevent it before the tanks are tested. 


It is understood that the bottom shell plating of oil tankers is more susceptible to corrosion than 
other parts of the structure, due to the effect of the residue or sediment of the oil, and it would be 
interesting to learn from the author if, during his experience, he has seen or heard of any protective 
measures being taken to minimise the difficulty. At the same time Mr. Macdonald might say whether 
it is usual to find slack rivets in the connections after a ship is launched and machinery installed, and 
where they are situated. 


On page 9 of the paper reference is made to the practice of fitting back bars to longitudinals when 
the vessel exceeds 400 ft. in length: perhaps the author will explain the necessity for this. 


An interesting incident is given in the concluding section of the paper dealing with testing, where 
the release of three inches of water in the head applied to a tank caused the water in the stand pipe to 
spout up to a height of three feet. An expression of opinion as to the cause of the effect from 
Mr. Macdonald would be helpful. Two reasons, naturally, come to one’s mind: the first being that the 
tank was subjected to temporary distortion while under test and the slight relief of pressure suddenly 
permitted the tank to return to its normal shape and forced the water up the pipe, the second being that 
there was an air pocket in the tank. The former appears to be more reasonable. 


I wish to add my thanks to those of other Members of the Association who have taken part in the 
Meeting to-night to Mr. Macdonald for coming to London and explaining in further detail the points 
which have arisen in the discussion. 


Mr. J. 8. Burner. 
We are indebted to Mr. Macdonald for a very instructive and interesting paper. 


With reference to jointings, &c., the author states that thin canvas on the stiffener side is common 
practice and also that this helps the heads of the rivets. I quite believe it does help the rivets at the first 
test, but canvas is too close in the weave and prevents the parts from being properly closed up. 


In my opinion nothing thicker than paper should be used in oiltight work. 


I have recollections of a tanker I had under survey some years ago where the bulkheads leaked very 
badly. It was found that canvas had been used in the way described by Mr. Macdonald. The canvas had 
become perished and had partly worked its way out leaving the metal standing off. The stiffeners on two 
of the bulkheads had to be entirely removed, cleaned and re-riveted. 


Possibly the slight dampness observed by Mr. Macdonald during back tests was due to the use 
of canvas. 

With reference to shot holes it is very important that after the work of injecting has been completed 
the holes are efficiently closed up. 


Serious damage and much inconvenience was caused recently by one of these holes being left open in 
anew chilled meat motor vessel. 


On the vessel’s arrival in London from her first voyage the whole of the insulation on the tank top 
in one of the holds was found to be saturated with oil. All of the meat in this hold was condemned 
partly through direct contact with oil and partly through fumes. 


On testing the tank it was found to be perfectly tight with the exception of this one small 
injection hole. 


Mr. CoLurnas, 


In view of the progress made in oil tanker construction in recent years, Mr. Macdonald’s paper is 
particularly welcome and I am sure will be read with considerable interest. 


The present methods adopted, including the assembling and riveting together of the many important 
parts of the ship’s structure before erecting into the vessel, are productive of better workmanship and 
easier supervision as compared with the system in vogue many years ago. 

With regard to the keeping of the punching machine dies and punches and the sheer blades in perfect 
order, too much attention by the surveyor in this direction cannot be given, and where this practice is 
neglected much trouble may arise and faulty workmanship accrue. 


The scarphs of the shell plate butts in way of the adjoining landings in some cases are planed square 
instead of at 45 degrees and where the former method is adopted, considerable care should be taken to 
make the edge of the landing to fit the scarphing. The scarphing is face caulked and makes a very 
efficient job. 

The method of hydraulic riveting and the type of rivet used in various shipyards differ. In most of 
the Wear yards countersunk rivets are used in the seams and butts of bulkheads and through stiffeners, 
the heads of which are of the round topped countersunk head type and fitted into the countersinking of 
the plate and the snap points are formed on the non-countersunk side, This practice has been found very 
satisfactory when the tanks are being tested. This type of rivet has been found preferable to the pan head 
type with the point formed by the hydraulic machine on the countersunk side of the plate, and in my 
opinion leads to better work especially in those cases where the holes may be slightly out of square. 


Where three-ply riveting is necessary countersunk headed rivets should be fitted as for example 
through the transverse bracket connections to the centre line bulkhead in way of the transverse webs at 
the top and bottom of the longitudinal bulkheads, for a depth of the brackets, and a stopper should be 
fitted to divide the three-ply from the two-ply riveting. 


All unfaired holes, especially where hand riveting is done, should be carefully rimered a size larger 
and re-countersunk ; where this is done a most efficient rivet is obtained as will be seen under water 
pressure. Mr, Macdonald rightly states that this rimering and re-countersinking is usually done by 
apprentices who really do not realize the importance of their work, consequently too much attention cannot 
be given in this direction by the surveyor, to ensure the best workmanship, otherwise considerable trouble 
may arise and much caulking will have to be resorted to which is not satisfactory. 


Jointing Stoppers and Shots :—The use of thin canvas in three-ply riveting in my opinion could be 
dispensed with. In the Wear districts only thin oiled paper is used and has been found to be more 
consistent with good workmanship than when canvas is used. The fitting of thin oil paper stoppers in 
one piece extending beyond the width of the butt laps, makes a far more efficient stopper than four pieces 
of spun yarn stopper as shown in the figures G and H. It will be realised that with the paper stopper it 
is possible to close the work more efficiently and with less difficulty. 


Mr. W. J. CRAIG. 


The author has put forward a very interesting paper, and has described generally and in detail the 
various phases of oil tank construction. The practice in the various districts, and even in yards in a 
particular district, varies considerably, and the author, in analysing that, has endeavoured, in the light 
of his own experience, to show also what gives the best results. 


In the repair of the older type of tanker it is found that the four angle connections at the junction 
of the centre line and trahsverse bulkheads sometimes give trouble, and it is considered that the 
cruciform construction, with the improved riveting consequent thereon, is bound to eradicate most of 
that trouble. 
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In order to avoid three-ply riveting it has occasionally been noted that the bulkhead connections of 
brackets at the ends of longitudinals have been fitted as in sketch. In this arrangement there is a 
tendency for the bulkhead plate to fracture through a—b, and a case has been noted where such fractures 
actually did occur. It is considered, therefore, that it is better to fit the angles back to back, even 


BULKHEAD 
if 


Ta Seaton 
BRACKET” A ake \ BRACKET 


though this involves three-ply riveting through the bulkhead. As these rivets are usually hydraulically 
riveted little trouble is experienced in getting sound work. Where double riveting is necessary an ideal 
and symmetrical connection is made by a tee bar, provided the rivets in one flange are so arranged that 
the riveting of the other flange is not interfered with. 

I agree with the author concerning the use of Vulcan cement round the boundary bars of the oil- 
tight bulkheads, and the results shown during testing and after the vessel has been in service generally 
appear to justify the procedure, as the modern oil tanker, properly injected, gives very little bulkhead 
trouble in later years. 

It would be interesting to know if Mr. Macdonald has found this in his own experience. 


The author deserves great thanks for his interesting paper, as it must have entailed a large amount 
of work in preparing it. 


Mr. N. Dosson. 


I have read with great interest the excellent paper which Mr. Macdonald has contributed to the 
Association, and I congratulate him on the clear and concise manner in which he has dealt with so 
important a subject. 

The paper deals with Tyne practice, and this, in general, conforms with that of other districts with 
which I have been associated, excepting the extent of the use of paper and the method of fitting stoppers. 


It is somewhat surprising to note the extent of the practice of drilling or punching holes of smaller 
size and afterwards rimering, especially the cruciform to centre line bulkhead and the standing flange of 
transverse supporting angles; for this work I would prefer good, clean punched holes, as I am of opinion 
that the cleaning out after rimering or drilling in practice leaves much to be desired. At the same time, 
drilling is perhaps to be preferred at corners where absolute alignment is essential for satisfactory results. 
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With reference to special packing (Fig. 10), I would like to ask if the author has any special reason 
for stating that this liner should not be fitted in one piece, assuming care is taken to form fair joggles. 
As regards page 11, clause 2 (floors and longitudinal girders under engines), does he consider it necessary 
to dress the plate flush with the heel of the angle connections to shell, and has he experienced any trouble 
where this has not been carried out ? 

It is stated that the moulds are built up in sections between the overlaps as in Fig. 12, and I 
would like to suggest that where the bottom plating is templated and erected first, for convenience 
of shipping transverses, the lap D would be more conveniently placed vertically in line with the face bar. 
Very good results have been obtained where the bottom shell is templated, particularly when part 
multiple punched. Owing, however, to spacing of rivets, care should be taken that the bulkhead 
boundary bars are not multiple punched. 

In Fig. 10 it is observed that all web vertical connection angles are riveted and caulked at skids, 
although common-headed rivets are fitted, except at the junction of seams. 

With regard to hydraulic riveting of horizontal stiffeners, as the result of experience with counter- 
sunk and common heads, I would prefer the latter except in way of bracket angle connections. The 
only advantage of the countersunk head for this work appears to be the saving in weight. 

On page 7, clause 3, it is noted that several shipyards fit one 6 ins. x 6 ins. double riveted angle 
instead of double angle arrangements to bulkhead boundary. I am of opinion that if the yard cannot 
efficiently close the work with a double angle arrangement, it will be found more difficult to close a 
6 ins. x 6 ins., especially at the bilge. Care should be taken where double angles are fitted that they are 
efficiently laced before riveting. 

I quite appreciate the author’s remarks (Riveting, clause 8) regarding rimering and re-countersinking, 
but cannot understand why an “unfair” hole should be rimered when a drill of the same size can be 
used to drill vertically through. Is it intended that a drill of smaller size should be used first ? 

The practice of jointing, stoppers, and shots varies in different districts. Fig. F shows a bracket 
connection angle stated to be fitted with paper on the face side and canvas on the stiffener side; a strand 
of spun yarn or marline is also fitted as a stopper. In my opinion, the paper on the caulked side appears 
unnecessary, and leakage, if any, during the back test can be dealt with by a two-ply injection. 

Fig. G shows four stoppers where the stiffeners cross the overlapped butt. I see no advantage 
gained by fitting stoppers across uncaulked stiffeners. I agree that stoppers should be fitted across the 
landing edges of transverse bulkhead plates in way of the toe of the boundary angle; perhaps the author 
will explain what is meant by “either outer or inner.” 

Fig. J again shows four stoppers, and in view of the bulkhead plating being cut about ,°,ths of an 
inch from the heels of the boundary angles, I would like to ask if the stoppers across the boundary 
angles are considered necessary. 

In Fig. 1 a stopper is shown between the overlapped keel butt, and I would suggest that it would 
he more advantageously placed inside the line of the toe of the centre line bulkhead bottom angle, or 
paper fitted for breadth of the angles across the butt. 


Mr. R. Dunsmurr. 


I should like to thank Mr. Macdonald for his interesting paper on the ‘Practical Construction of 
Oil Tankers.” 

The paper has arrived at an opportune time when most of the tonnage now building is for oil 
tankers. 

The author states on page 1, paragraph 2, that “Longitudinal framing is generally fitted between 
after peak bulkhead and fore peak bulkhead above deep tank forward.” In a number of vessels built 
and building the longitudinal framing extends only throughout the oil tanks, and clear of that 
transverse framing is adopted. This arrangement, in my opinion, is much more satisfactory, as it 
simplifies construction at the ends of the vessel, by doing away with twisted longitudinals, and also to 
the many confined spaces in way of brackets on the peak bulkheads, due to the varying form at ends, 

The transverse arrangement also allows work to be well advanced at the stern while longitudinal 
framing is proceeding, and as time is a big factor, especially where Diesel engine seating is concerned, 
with its complicated construction, the erecting aft should be started at a very early stage. Regarding 
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template work, in this district solid moulds are made for all transverses and bulkhead webs where any 
alteration takes place. Centre line bulkhead and transverse bulkheads are lined off on boards, battens 
being supplied for frames. 

Loft templates are prepared for second deck stringer and second deck plating in way of tanks, 
trunk side plating and upper deck stringer plates. The trunk side deck angle, second deck stringer 
angle and upper deck stringer angle are lifted from ship. Loft templates are also made for two strakes 
of shell (one bottom and one side) in way of tanks. When this procedure is adopted considerable gain 
in time in the framing is effected, as well as cost, as shoring is reduced toa minimum. ‘The method of 
erecting differs in various yards, and is purely a matter of the facilities at their disposal. 

Some builders prefer the continuous centre line bulkhead, and this method, even although it has all 
to be riveted by hand, has much to commend it, in view of the continuous plating and to the horizontal 
stiffeners being fitted close up to bulkhead vertical corner angles. 

The cruciform arrangement, as shown in Fig. 6, gives one the impression that, with horizontal 
stiffeners cut as far from bulkhead, the vertical overlap would be liable to strain rivets and spring caulking, 
if the vessel were subjected to hogging and sagging stresses. ‘The same would apply to arrangement as 
shown in Fig. 7 and Fig. 9. 

lt is noted from the paper that very little has been said about hydraulic riveting when in progress 
on the skids. This matter is very important as careful attention to proper screwing up of connecting 
angles and stiffeners, especially on oiltight surfaces, saves trouble at a later stage when tanks are being 
tested. If not constantly watched, the riveters usually insert three to four rivets at once, and in consequence 
the hydraulic machine is not allowed sufficient time on each rivet to do the work proper justice. On no 
account on bulkhead work should more than one rivet be inserted, and the machine allowed to remain on 
it until next rivet is in place. In general, the secret of satisfactory results in oil vessels is good connections 
and sound riveting, anil to attain this end special attention should be principally directed to having holes 
as fair as possible, to removing any unfairness by reaming, and to seeing that the points of the rivets are 
left full and that the heads are well laid up. 

When reading over the paper I was greatly struck with the excessive amount of drilling to be done 
in various connections throughout the vessel. Drilling, as we all know, is expensive, and as we live in an 
age of economy, I feel sure shipbuilders in general reduce this item toa minimum. With a little care 
and attention in marking, punching and fairing, surely this can be attained. 

The author draws attention to shell connection of bilge keels when crossing bulkheads and transverses, 
and to the various methods employed to secure efficient attachment in way of unavoidable wide rivet 
spacing. Welding is expensive, and it is a question how long it will be dependable. Fitting of taps is 
also not very satisfactory, as invariably it is not possible to clear underlying rivets. In my opinion, the 
best arrangement is to fit the shell connection between bulkheads and transverses in short lengths, and 
thereby avoid trouble, or, alternatively, cut away the shell flange at crossings in way of bulkheads and 
transverses, leaving standing flange intact, which will help considerably in fairing up. 

Caulking is also an item that should be well executed, and the best results are obtained with 
pneumatic. 

In the designing stage in the drawing office, special attention should be given to landing edges of 
transverse bulkheads, to landing edges and butts of centre line bulkhead, and to landing edges and butts 
of expansion trunk, with a view to ensuring that reasonable space be given to caulking edges of landings 
in way of horizontal bracket connections, and also that butts are kept well clear of bulkheads and trans- 
verses. Care should also be taken when lining off longitudinal framing in the drawing office to ensure 
that the best arrangement possible be made at the bilge corner of the bulkheads where longitudinal 
brackets converge. Under any circumstances, it is not an easy corner for riveting, and a little careful 
attention to get the best conditions will amply repay the builders. 

To illustrate these points butts of centre line bulkhead, as shown on sketch, Fig. 4 in paper, should 
not be allowed on any account. The position as given on sketch, Fig. 5, is the better arrangement. 
Referring to sketch of bulkhead, Fig. 10, if the lower line of landing edges below the 2nd deck was the 
caulking edge, reasonable space would be obtained in way of horizontal brackets to overhaul caulking at 
any time with ease. 

On page 5, Fig. C, the author gives an interesting sketch, showing horizontal brackets dispensed 
with on the two bottom stiffeners of centre line bulkhead in cofferdam. This arrangement greatly 
simplifies work in a very confined corner. 


9 


In conclusion, with regard to last paragraph in the paper on tank testing, I shall be glad if 
Mr. Macdonald would give some explanation on this phenomenon, as I am ata loss to know how this 
should happen, unless the tank was air-locked. 


Mr. G. R. Encar. 


I have derived much pleasure and benefit from reading and digesting—or partly so—Mr. Macdonald's 
paper, and am astonished at the amount of information he has condensed in so small a bulk. 

It should, however, be noted, as the author agrees, that the building of oil tank vessels naturally lends 
itself to variation in procedure and in detail. The governing factors to a large extent are first, the lifting 
and handling appliances available at the riveting skids and at the berth, which place a limit on what can 
be prepared on the ground and erected ; and second, the amount of shell and deck plating which it is 
proposed to do from loft templates and battens. The method of erection is a result of these factors and 
the extent to which inside strakes are used as ribbands. I do not think it is a matter in which definite 
limitations can be imposed on paper, as it is the result which is to be judged, and if a firm are convinced 
of the advantage of a certain system to them the adyocation of a more accurate or ideal system will not 
produce much result unless it can be demonstrated that the method actually employed is not sufficiently 
accurate. Mr, Macdonald considers that the advantages of loft templates for the shell are not very great, 
but he concedes that time is gained, and surely this is a great advantage from the builders point of view. 
And with regard to the second method of erection mentioned in the lower part of page 13, and where 
bottom longitudinals and transverses are first riveted to the bottom shell and the bulkhead connections 
afterwards made, the bottom plating need only be used to a small extent as a dumping platform, but there 
is the very definite advantage of a firm and solid base being formed for the erection of the rest of the 
structure. It is of course agreed that it is very easy for too much work to be attempted in advance. 

Turning to the details of the paper and to Fig. 1 (and it would appear that the bottom horizontal 
line should be shown dotted)—paper between the keel plates under the keel angles extending to take the 
first four rivets clear of the bars is sometimes fitted instead of the spunyarn stopwaters, and similarly in 
other places where these are shown at the end of the paper. As to Fig. 2, is the caulking of the edge of 
the tapered packing piece more easy of accomplishment than that shown in Fig. 10B, page 6 ? 

I should be interested to know if, in the system the author describes, when hydraulic riveting with 
countersunk points on one side, and a punched hole on the other is to be done, the method of fitting the 
countersunk head of the rivet into the countersink-and forming a head on the other is ever employed. 
It is sometimes maintained that it is then necessary to caulk the point in the countersink afterwards, but 
I cannot say that this has been my experience. Perhaps Mr. Macdonald would favour us with his opinion. 

The author refers to the non-joggling of boundary bars as required by the Rules, but, while it is 
agreed that the tapered slip mentioned gives a superior job, are there not, throughout an oil tanker, many 
places where it is impossible to smith a bar close and where a small piece must be inserted. If that be 
so, has the joggling been found to have other undesirable characteristics besides that of needing a 
wedge piece ? 

Finally, if I may further trespass on Mr, Macdonald’s patience, I should value the result of his 
experience in the closing of large bottom longitudinals, say 14 inch channels hard down to the shell, 
where they pass over a scarphed butt of bottom plating. It being practically impossible to get the 
surface of the scarph and the adjoining plate surfaces in a fore and aft direction in a dead flat line, there 
is a difficulty in getting the heel of the longitudinal down just clear of the point of the scarph. It is 
not much, but it does not come down home to the shell, and I should be glad to know what 
Mr. Macdonald advocates here. 

In conclusion, may I express my indebtedness to the author for the privilege of benefiting from his 
experience, 

Norg.—Jisprint.—Should not Fig. 8 be Fig. 5 in fourth paragraph from bottom, page 11? 


Mr. K. Lyauis. 


Mr. Macdonald has spared no pains in making his description of the construction of oil vessels as 
complete as possible, and he is to be congratulated on the results of his efforts. 

At the present time, there must be a great number of surveyors who have recent practical experience 
of the construction of oil vessels and there is no doubt that a practical paper of this sort will create a 
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large amount of discussion. There are many points which tend to vary the method of construction in 
the practical details of these vessels, such as the use of pneumatic riveting, facilities for providing skids, 
trades union rules, etc. For instance, in one yard in this district, it is necessary to pay platers extra for 
punching what are termed fair holes, as against chalk holes, and this extra price, together with the extra 
labour in the loft, and extra care required in fairing, tends to reduce the amount of work done from loft 
template, and one or two builders lift all the shell and decks from the ship. This has also the effect of 
reducing the amount of drilling at the ship, which is a considerable item when there is no pneumatic 
plant in the yard. 

Mr. Macdonald states that all the connections of the transverses to the side longitudinals are drilled 
in the ship; this, besides being expensive, must also be very awkward, especially in way of the bilge. 

Turning to the junction of the transverses and longitudinal bulkheads. This isa place which seems 
to give rise to a certain amount of diversity of opinion. No doubt there are many advantages of the 
cruciform method of construction, but I myself am inclined to think that the continuous centre line with 
the stiffeners riveted to the bulkhead at the ship, is the strongest and most easily constructed. Since the 
new British Standard Section of bulb angle has been in use, much more difficulty has been experienced in 
hydraulic riveting these stiffeners to the plating, owing to the size of the bulb, which has necessitated 
extra prices being paid to the riveters, and has thus made it more difficult in obtaining a sound job. 
Also, the cutting of centre line bulkhead at each transverse bulkhead always appears to me that we are 
not taking full advantage of a longitudinal member which is necessary when carrying oil. 

One of the advantages, I take it, of the cruciform system is that the four corner bars at the junction 
of the bulkheads can be hydraulically riveted and that more hydraulic riveting can be effected to the 
centre line bulkhead and to the transverse bulkheads. But, as against that, the whole of the centre line 
bulkhead is cut through at each side of the transverse bulkhead, and riveted by single-handed work, 
whereas by the continuous centre line bulkhead method, the work can be erected quicker, and the single- 
handed riveting at the crossing of the bulkheads has proved itself to be quite efficient. 

The author’s method of fitting 6 in. bulb angle stiffeners at the bottom of the centre line bulkhead 
in way of the cofferdams certainly simplifies the construction at a very difficult point, and up to the 
present I have not seen it adopted in this district. 

Turning to Fig. 12, I notice that Mr. Macdonald fairs the shell bars of the transverses by means of 
short lugs fitted over the notches. I have always found that the best method of fairing these lugs is to 
have a continuous bar well screwed to the lugs before reaming. It is also noted that these shell lugs are 
not cut in way of the shell seams; the cutting of these is, | consider, a great help in obtaining better 
workmanship, but where the number of rivets through any lug is less than four, this should not be done. 

The question of double or single shell bars to the watertight bulkheads is also a point of diversity of 
opinion, but I think I am safe in saying that nearly all builders prefer the double bars both for cheapness 
and for ease of construction, whilst there are owners or their consulting naval architects who prefer the 
single bar for ease in repairing and from the point of view that it gives a steel to steel connection, and no 
injections of vulean cement are necessary. 

The last paragraph in the paper seems to me to require a little further explanation, as it is very 
difficult to understand how in normal circumstances the water could spout up 3 ft., with only a 8 in. head 
of water, although it is quite understandable how 7 buckets of water should be required to raise the 
pressure by one foot as that extra foot of head will certainly cause a fair amount of expansion on the plate. 

At the present time, with the alterations in the Freeboard Rules, and the over production of oil 
vessels, it does not appear that many of us will be superintending the construction of oil boats for some 
time to come, and no doubt in the dim future, when we have forgotten all about our past experience, 
Mr. Macdonald’s paper will serve to bring the details before us once more. 


Mr. J. M. Murray. 


I would like at the outset to thank Mr. Macdonald for his admirable paper, which should be as 
useful, especially to the uninitiated, as was his previous one. 

Mr. acca throughout his paper rightly stresses the importance of fairing in the early stages of 
the work, and in this connection I would refer to the practice of fitting the shell bars of the side transverses 
continuous and then burning off the bit not required. This method is actually not any more costly than 
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the method of fitting the angles in pieces, and gives better results. In some yards it is the custom to 
burn out the notches in the transverse as well; it is evidently desirable to dress these notches in way of 
the burnt material, but I would welcome Mr. Macdonald’s opinion as to the absolute necessity for this. 

Considerable space is devoted to the question of the construction at the junction of the transverse 
and longitudinal bulkheads, a point where trouble is often experienced during construction and afterwards. 
It is conceivable that this part might be simplified by some form of rolled cruciform section. 

With regard to the framing at the extreme ends of the vessel clear of the oil tanks, it appears that 
transverse framing is desirable, due regard being paid to scarphing arrangements. The extreme difficulty 
of adjusting the bevels and run of the longitudinals at the ends is apt to tend to defective riveting to the 
shell. This difficulty is referred to in the last clause on page 12. 

In conclusion, I have one word of criticism. I am surprised that Mr. Macdonald condones the 
practice of fitting thick necked rivets in parallel drilled holes. With hydraulic riveting no doubt the 
practice is safe enough, but with hand riveting, when it is realized that the standard 3 in. thick neck 
rivet measures { in. at the head, it seems probable that the rivet heads will not be hard up. If they are, 
there is the suspicion that the holes have been drilled too large. In any case, to my mind, the principle 
is a dangerous heresy which should not be encouraged, but perhaps Mr. Macdonald will remove my 
apprehensions on this point. 


Mr. A. PickwortH. 


Possibly no branch of a ship surveyor’s duties demands more detailed practical knowledge and close 
attention than the supervision of oil tanker construction, and Mr. Macdonald is therefore to be 
complimented upon taking in hand a really important subject and dealing with it in a manner which 
should be interesting to all members of the association and very instructive to those who have not had 
experience of the building of tankers. 

As the highest standard of workmanship is required on tankers the author does well to draw 
attention to the necessity of maintaining the yard machinery in perfect condition and the periodical 
inspection of such machinery should be looked upon by the surveyor as the first step to be taken to 
ensure good work. 

The statement that all faying surfaces should have good contact sounds very elementary and it is 
surprising that surveyors have to be continually drawing the attention of officials and workmen to the 
fact. Good contact necessitates the removal of all rag from faying surfaces and the shearing of all plates 
from the faying surfaces unless the edges are subsequently planed. 

In this port abrasive wheels have been installed for the purpose of removing rag from the ends of 
the bars which are intended to be riveted to oiltight bulkheads. 

The use of paper, canvas and spun yarn stoppers always militates against good contact and their 
abuse renders the work second rate and uncertain. In this port the tendency has been for a number of 
years to reduce, in amount and thickness, the materials used as stoppers and to eliminate spun yarn 
stoppers and, in addition, to pay very special attention to that most essential preliminary to good riveting, 
namely, thorough screwing up. In spite of these precautions it has been observed, in some cases, 
during a tank test, with pressure on the caulking surface of a bulkhead, that stoppers between the bulk- 
head plating and rigid parts such as heavy webs have become further compressed and squeezed out 
showing that the screwing up and riveting processes had not compressed the stopper to the same extent 
as water pressure is capable of. ‘This extra closing up, however slight, is bound to slacken the point of the 
rivet in the countersink and to cause the slight leakage sometimes observed on back test. 

With a view to overcoming this difficulty a new form of stopper has been introduced by a shipyard 
official in this port and experiments which have been carried out under our inspection have given 
satisfactory proof that it prevents the passing of a fluid past the joint even against abnormal pressure. 
It is a metallic stopper similar in principle to Taylors rings for steam pipe joints and can be made of soft 
thin sheet steel or brass. The thin sheet of metal, suitably corrugated, is coated on both sides with 
jointing compound and is inserted between the plates just in the same manner as a paper or canvas 
stopper. Under the action of the screwing up and riveting processes the corrugations flatten out and the 
jointing material is held in thin films across the line along which it is desired to prevent leakage. Such 
stoppers are being made with corrugations arranged so as to cope with all requirements met with in 
nent One great advantage of this type of stopper is that, in its final state, it cannot be compressed 
further. 


12 


It would unduly lengthen the discussion to write all that could be said on the subject, not in the way 
of criticism, but more in regard to alternative practice which each yard naturally considers to be the best. 

In my opinion Mr, Macdonald has already made his paper comprehensive enough and I congratulate 
him on writing it so clearly and illustrating itiso well. 


Mr. T. SHaw. 


The admissibility of the use of injections both before and after testing has probably been debated, 
acrimoniously and otherwise, more often than any other detail in connection with workmanship. As a 
general principle, I consider that it should be an axiom that shots should not be allowed to cover up inferior 
workmanship, and as a general basis that they are only necessary on three-ply work, more particularly in 
way of joggles, and that injecting after testing should only be permitted when the surveyor is satisfied 
that the leakage is not due to defective riveting. 

Mr. Macdonald makes special reference to filling the space left between the shell and the outer edge 
of transverse bulkhead plates when double shell connection angles are adopted. ‘The practice described 
of injecting at intervals is not universal ; in some districts the space is filled with Vulcan cement solution 
before the shell plating is fitted and this method gives satisfactory results. When a double riveted single 
shell connection angle is fitted, provided the heel of the angle is properly set down during the process of 
shaping, injections are found to be unnecessary. 

In the section of the paper devoted to a description of moulds and battens there is no reference made 
to the necessity of using seasoned timber. All long battens should have scrieve marks on them which 
can be checked periodically on a standard gauge which is kept in an equable temperature. Moulds can 
be more readily checked by being placed on dowel pins on the loft floor. At one time yellow pine was 
universally used for moulds and battens. Owing to the difficulty in obtaining this timber and the 
enormously increased cost in latter years, oregon pine is now used in most yards ; with the exception that 
it takes longer to bore the holes owing to the tougher nature of the wood, it has been found quite as 
satisfactory in other respects and has one advantage, i.¢., battens can be obtained up to sixty feet in length 
without splicing. 

Riveting by hydraulic machines and arranging the work to be done by this method as far as ever 
possible, has undoubtedly resulted in better workmanship. At the same time it is necessary to guard 
against the tendency which has grown through the adoption of this system, to consider that the work can 
be done efficiently without adjusting unfair holes. 

Mechanical riveting brought in its wake a distinct improvement in the heating of the rivets. Oil 
heated furnaces are now in universal use and the rivet is heated equally throughout its length, and I trust 
that the unsatisfactory method of heating rivets placed in holes through a plate on a coal fire, which still 
obtains in some districts when work is executed by “hand squads,” will ere long be relegated to oblivion. 

With regard to countersink rivet heads, flat tops are used by some builders in preference to convex. 
The most important point, in my opinion, is that the angle of the cone should be slightly less than the 
countersink of the plate when the work is done by hydraulic or pneumatic machines. 

I wish to add my thanks to Mr. Macdonald for placing before us such a useful paper. 


Mr. T. S. Saure. 


The author is to be congratulated for a very useful and practical paper. 

The patent cruciform as illustrated in Fig. 9 is, in my opinion, the best type yet evolved, particularly 
when it extends from the keel to the upper deck. With good workmanship in this type all the holes in 
the T bars and narrow plate can be punched full size, except in way of the top and bottom shoes which 
should be left blank. ‘The size of the T bars should be 6} ins. x 64 ins. on account of the ordinary 
6 ins. x 6 ins. T bar being insufficient for a double riveted attachment. It is unfortunate that the 
minimum thickness of the 64 ins. x 6} ins. section, obtainable from the makers, is 55, as the extra weight 
involved is a matter for consideration not only at the cruciform but at other parts where T bars could be 
adopted with considerable advantage and improvement on the ordinary 6ins. x 6ins. angle connection. 
The use of T bars 6 ins. x 6 ins. on transverse bulkheads for the connection of the bottom longitudinal 
brackets is now fairly general, but theys hould be caulked all around on both sides of the bulkhead. 
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The only drawback to this method is that the bottom longitudinals with their end brackets attached 
cannot be erected with the anjacent bulkheads in place. This, however, is a difficulty which can be 
overcome by altering the erection procedure. 

HorIZONTAL STIFFENERS ON TRANSVERSE BULKHEADS.—One yard has made it their practice to 
caulk the heel and toe at both ends in way of the lug connections on the face side, a stopper being fitted 
where the caulking terminates. 

VerticaL Wess oN TRANSVERSE AND LonarrupinaL BuLKHEADS.—The support lugs forming 
the connections for the bulkhead horizontal stiffeners should be riveted in place and not on the skids so 
as to eliminate the use of steel packing. The adoption of T bar connections to the bulkheads has been 
found to be a distinct success; where these connections should be normally reinforced, the rivet pitch is 
closed up in the T bars. On the face side of the centre line bulkhead similar T bar connections can be 
used for the large transverse brackets. 

TRANSVERSES.—It has been found to be advantageous to rivet in place and not on the skids the 
single or double shell lug at the keel plate, and the single or double lug immediately below the summer 
tank deck. 

LoNGITUDINALS.—With good workmanship there should not be any necessity to punch one hole 
only for the attachment to the transverse support lugs, either in the deck, side or bottom. Should, 
however, the bottom plating be erected in the first instance from loft templates, it would be better to 
leave the transverse support lugs loose and rivet them in place. With regard to the side and deck 
longitudinals, it is better that their end brackets should be prepared from loft templates so as not to delay 
erection, even although an odd one here and there has to be renewed. 

Enainr Room Framrye.—Some builders now always frame this part entirely on the transverse 
system and, in my opinion, it is to be recommended as complications at the after end are thus avoided. 

Rivetinc.—The author’s remarks with regard to rimering and re-countersinking of unfair holes 
particularly on skid work where so much work is fabricated, cannot be too strongly emphasised. The 
statement that “in oiltight work rivets with convex countersunk heads and points are fitted if hydraulic 
riveting is carried out” is not the general practice in all yards. Some builders, after various experiments, 
have adopted for hydraulic oiltight three-ply work, a finished rivet with flat head and point, and for 
hydraulic oiltight two-ply work a finished rivet with flat point, about ,%,ths above the flush in each case. 

The electric welding instead of smith welding of bulkhead corner shoes is a distinct economy and 
improvement. 


Mr. H. THomson. 


Mr. Macdonald has given us a paper which is of great importance at the present time when so many 
oil-carrying vessels are under construction and this most useful and informative paper is a valuable addition 
to the Transactions of the Association. 

The paper relates essentially to Tyne practice and as there are a number of points in which this 
varies from the practice in Glasgow, it is proposed to direct attention to these and also to address a few 
questions to the author on points which are not clear in his paper. 

The paper states pretty clearly the practice on the Tyne regarding “Jointing, Stoppers and Shots,” 
and as the Glasgow practice conforms much more closely to Section 19, paragraph 4 (b) of the Society’s 
Rules than that given in the paper it may be of general interest to describe the procedure at this port. 

Canvas jointing is not fitted anywhere within the range of the oil tanks and stoppers are reduced to a 
minimum consistent with efficiency. In general, it may be said that the fitting of spunyarn stoppers 
between oiltight surfaces is highly objectionable and should only be permitted where experience has shown 
them to be absolutely necessary. 

On the face side of oiltight bulkheads no jointing of any kind is fitted, but spunyarn stoppers are 
placed across the inner ends of bracket angles as shown in Fig. F. 

On the stiffener side of the bulkheads the bracket angles at the bottom and deck are buttered with a 
mixture of vulean cement and shellac and spunyarn stoppers are fitted across each end of the angles. 

At the ship’s side and centre line paper jointing buttered with vulcan cement and shellac is fitted 
between the horizontal stiffeners and the bulkhead plating for the length of the bracket angles on the face 
side of the bulkhead and spunyarn stoppers are placed at the ends of the stiffeners and also just clear of 
the points of the bracket angles. 


Wiel! 
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Paper coated with shellac is fitted for the full length of the cruciform tee bar connection to the 
transverse bulkheads as a precaution against leakage in the back test as the edge of the plating cannot be 
caulked. For the same reason paper jointing is fitted in way of plate edges which are close to horizontal 
stiffeners. 

Where shell and deck seams cross bulkhead boundary angles paper jointing buttered with vulean 
cement and shellac is fitted together with a spunyarn stopper across the seam just clear of the toes of the 
boundary angles and one midway between. ‘The intermediate stopper is fitted in case either of the outer 
stoppers becomes displaced. 

The boundary angles of bulkheads are never jointed even when riveted at the ship and there would 
appear to be no reason for doing so. 

With regard to shot holes in the boundary angles these are spaced, as on the Tyne, about 6 ft. apart 
and the practice is to start at the keel and pump in a mixture of yulean cement and shellac until it appears 
at the next hole when the bolt is replaced and a further pumpful forced in to ensure that all crevices are 
filled up. After the injections are completed the bolts are in all cases cut off and set up. 

Where stringer angles cross vertical butt laps or pass over bulkhead boundary angles the procedure 
is similar to that in the case of shell seams. 

Where web connection angles cross a seam shellac coated paper jointing is fitted but no stoppers are 
fitted. 

In Glasgow it is not the practice to fit spunyarn stoppers in the position shown in Fig, H. 

Vulcan cement would appear to be the material used for injections on the Tyne but it is not stated 
with what it is mixed. Perhaps the author will be good enough to supply this information. 

Mr. Macdonald has been exceedingly fortunate if he has only experienced “slight moisture” in web 
connection angles and in three horizontal stiffeners in back tests, but it is difficult to reconcile his statement 
in the first paragraph on page 17 that the only remedy, in the case of horizontal stiffeners, is to caulk the 
points of the rivets after the compartment has been drained out with the remark in the second paragraph 
that countersunk rivets save injections in the back test. 

When the leaks are local it is probably better to inject the stiffeners but where they are widespread 
it is advisable to caulk the points of the rivets. 

There are two common methods of dealing with the points of leaky rivets; they may either be set up 
by hand or dollied with a machine and as this is a matter of considerable interest, Mr. Macdonald might 
let us have his views regarding same. 

The author has avoided saying anything regarding that endless source of argument in shipyards, 
viz.: the spacing of service bolts and in this he is wise as no hard and fast rules can be laid down 
regarding this matter. In the bilge seam and longitudinals a bolt may be required in nearly every hole, 
while in flat surfaces they may be spaced much wider. In oiltight work, the closing of the surfaces before 
riveting is of great importance and if this is not done, endless trouble will be experienced during the 
testing of the tanks. 

In this connection, a point worth attention is the shearing rag on bracket connection angles on 
bulkheads, and care should be taken that this is removed. In Glasgow, the ends of all such angles are 
buffed before they are placed in position. 

In Fig. 10, it is recommended that the bilge brackets be left loose until the boundary angles of the 
bulkhead are caulked, but it is much more important to leave them loose, especially towards the ends of 
the vessel, until the shell flange of the longitudinals is riveted, as it is almost impossible to draw the 
longitudinals close to the shell if they are rigidly held at the bulkheads. 

Where shell plates have been worked from the mould loft, the bulkhead brackets should, in all cases, 
be released before riveting is commenced and the shell flange of the longitudinal adjusted. 

As pointed out on page 14, the greatest difficulty experienced in surveying oil vessels is in ensuring 
that rimered holes are re-countersunk on the lower side. To be certain that this is done, the surveyor 
would require to stand at the skids during the whole time that work is in progress there. 

Another great difficulty experienced by the surveyor is seeing that the rimering tool is passed through 
the holes at right angles to the plates, and too much attention cannot be paid to this matter. 

It is difficult to obtain good workmanship in the riveting of the upper deck stringer angles in large 
tankers in way of the shut bevel. Two methods to overcome the difficulty are in vogue in Glasgow, one 
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by planing the faying surfaces of the angles, and the other by breaking the sheerstrake plates to enable 
right angled bars to be fitted. Neither of these methods give altogether satisfactory results, and the 
Tyne practice in this respect might be stated. ; 

When the arrangement shown in Fig. 9 is fitted, what is the practice on the Tyne, where the keel 
angles cross the butt and tee bar leaving a gap of about two inches? In Glasgow it is usual to swell out 
the centre girder locally for this purpose. The arrangement shown in Fig. 9 is an excellent one, but 
the treble riveting of the centre girder butts means that the end of the stiffener brackets isa considerable 
distance from the bulkhead, and it is suggested that better results would be obtained by making these 
butts double riveted, as there would appear to be no useful purpose served in having these treble riveted 
in an ordinary tanker. 

The connection of the bilge keel in way of the bulkhead and transverses is a distinct difficulty, and 
one method in use in Glasgow, not mentioned in the paper, is to burn off the shell flange of the tee bar 
at these parts. 

I desire to thank Mr. Macdonald for his most interesting and instructive paper. 


Mr. 8. TowNSHEND. 


Mr. Macdonald has broken new ground within the confines of the Staff Association by giving us 
this Paper on “ The Practical Construction of Oil Tankers,” and he has opened up to our view a fund of 
information and experience which will prove of great value. 

It is surprising that builders are not averse to constructing middle line bulkheads which are not 
continuous at the transverse bulkheads. If the loss to the longitudinal strength and rigidity were fully 
appreciated, one wonders whether an owner would so readily agree to this practice. The breaking of the 
bulkheads doubtless facilitates the construction and erection of the ship’s structure, but does this 
advantage compensate for the loss of strength ? 

It might be observed that even when the Cruciform construction is adopted, the longitudinal strength 
of the middle line bulkhead is represented only by two rows of rivets above the bottom strake. 

Ships built on the transverse system with two longitudinal bulkheads which have been made 
continuous at the transverse bulkheads, appear to give every satisfaction on service, even although it 
appears that less material is necessary in their construction than required in ships built on the ordinary 
longitudinal system. It is quite possible that in ships with discontinuous longitudinal bulkheads, the 
deficiency in strength imposes additional stresses on other longitudinal members, with resultant troubles 
in their end connections to the transverse bulkheads. 

There is much to commend the fitting of tee bars for the end connections of longitudinals to 
bulkheads, and for other connections, in place of single angles double riveted. Continental builders 
appear to appreciate this fact more than British builders. Can the author state if tee bars are more 
expensive or more difficult to fit than angles, or if there are any other reasons why tee bars are not more 
generally used in this country ? 

With regard to the joggling of bulkhead boundary bars, a practice which has been approved and 
which appears to be giving satisfaction, is to arrange the joggle in the way usually adopted in ordinary 
cargo work, and to insert in the space caused by the joggle a specially prepared steel strip of triangular 
section and to electrically weld both ends of the strip in position. The amount of welding required is 
very small and appears to be insufficient to disturb the adjoining caulking. ree | 

‘The angles connecting webs to bulkheads may be cut at the seams of the bulkhead plating instead 
of being joggled over the seams. Further, these angles could with advantage be omitted altogether in 
way of the seams, and so avoid three-ply riveting. This, however, should not be done near the ends of the 
webs, particularly in the space of plating adjoining the toes of the end brackets, without some addition 
being made to the riveting so as to maintain the standard of rivet strength at this part. 

The author in the third paragraph on page 11 says that if the expansion trunk be carried above the 
upper deck, the deck connection angle should be caulked at three places, viz., both toes and the heel. 
What is the arrangement which makes so much caulking necessary ? 

It is presumed that the arrangements described by the author in way of engine seating apply 
only if motor engines are fitted, and that the continuous girders would not be necessary if the engines 
were steam-driven. 
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The lightening holes shown in Fig. 12 seem to be drawn somewhat close to the connection angles, 
particularly in the case of the bottom transverses. There would appear to be a danger of cracking 
occurring in the plating of the transverse between a longitudinal slot and the adjoining lightening hole, 
especially near the toes of the end brackets where the shearing forces are a maximum. A better arrange- 
ment might be to raise the holes until their top edges are level with the tops of the stiffening angles. 

The modification of height of test head, in the case of small vessels, seems to me to be sound on 
theoretical grounds. Let us consider the effect of a uniform test head of 8 ft. In a tank 82 ft. deep 
the mean pressure under test would be 50 per cent. above the service pressure, and in a tank 8 ft. deep 
the mean pressure under test would be 200 per cent. above the service pressure. No reason is seen why 
the small tank should be subjected to a relatively more severe test than the large tank, provided the 
height of the head be sufficient to test the crown of the tank. 

A modified scale of test heads is indicated in the following Table, and, so far, experience has shown 
that the results obtained therefrom are satisfactory :— 


TEST OF TABLE HEADS. 


Test Heap. 
DeptH oF MipsHip TANK. = 
Above Trunk. Above Deck. 
16 ft. and above... ane nee Hp 5 ft. 8 ft. 
14) tedsieeNCOlel Oilbcacas aa am Ai = Tides 
LDS rae i eee ee eed 235 6 4g 
11 poneipe PRLS 5 aha eo re 2 ager eer 
Under 10 ft. hae 4s 


The greater head obtained by columns 2 or 3 in the Table is used. 

In the case of small craft classed “A” for restricted services the test head might be 2 ft. above the 
deck or trunk whichever is the greater. 

ia water tanks, feed tanks, &c., in ships of Hopper Barge and Dredger types have been tested to 
a 5 ft. head. 

As a test head of 8 ft. has proved satisfactory for the testing of petroleum tanks of any depth, one is 

rompted to enquire why a greater head than 8 ft. is necessary for testing oil fuel bunkers above 27 ft. 

in depth. The stiffening of an oil fuel bunker is required to be in excess of that for an oil cargo tank so 
as to provide against the effects of “free” surface and “slack” tank, but even so, an 8 ft. test head 
would appear to be ample, especially as the crown of the tank is only in contact with the oil fuel for a 
small time at the beginning of a voyage, whereas the petroleum may be in contact with the tank top 
throughout the whole voyage. 

I suggest that a uniform test head of 8 ft. could be applied to oil fuel bunkers, and I should be 
very glad to have the author’s view on this point. 


Mr. Bennet. 


I have read Mr. Macdonald’s paper on “ The Practical Construction of Oil Tankers” with very much 
interest, and wish to thank him for the detailed manner in which he has set forth the practice as pertains 
on the Tyne. 

The following is offered as a comparison of the best practice which I have observed on this side, 
comparing it with that given in the paper, and may be taken as typical of the practice adopted in some 
of the larger shipyards here. 

Taking the items in the order given in the paper and discussing only bracketed longitudinal tankers, 
the practice here is to use solid templates (page 1, paragraph 4) almost exclusively for all the plating, such 
as shell, bulkheads, decks, &c. Wood or duplicate paper templates are made where these are used six or 


17 


more times per template. Very much more and detailed work is done in the mould loft here than in the 
U.K., as it is felt that considerable saving of time can be made by this practice. It also eliminates to 
some extent, the fairing and shoring work of shipwrights, skilled shipwrights being scarce, as ib is 
found that well fabricated and carefully laid out material, ensures fairness in the hull, and results in correct 
deck heights. It also enables the erection to proceed at a steady pace, averaging in some yards 300 tons 
per week. This is effected due to the material being ready when required. As stated above, the use of 
solid templates is much preferred, and very few skeleton moulds or battens are used. 

The twisting of brackets (page 3, paragraph 3) can be overcome by the use of guillotine shears, and 
these are used extensively. 

The general practice for end laps of keel plates (page 3, paragraph 5) is to fit the plates edge to edge, 
with a full outside strap, the inner strap being intercostal between the garboard seams and keel angles. 

Regarding the construction and assembly of the C.L. bulkhead (page 3, paragraph 11) the cruciform 
construction in way of the transverse and (.1;. bulkheads is not favoured. All plating on C.L. bulkheads 
is fitted horizontally and runs continuously through the transverse bulkheads. ‘They are erected in place 
on the C.L. bulkhead transverses and longitudinals, and pneumatically riveted thereto. 

I conclude from page 4, paragraph 1, that it ig nob now a requirement of the Society that the top and 
aa of C.L. bulkheads be continuous through transverse bulkheads, although I think it is 
desirable. 

While tee bars (page 4, paragraph 11), are recommendable on bracket and similar attachments and 
are commonly fitted here, I prefer the usual double boundary bars on O.T. bulkheads, as the high pressures 
and alternating strains causing bulkhead deflection, is apt to split the caulking at the heel and toe of the 
tee bars, causing leaks. ‘The tee bar arrangement shown in Fig. 9 has been used on repair jobs, and I 
have never heard of it being patented. 

The standard practice in regard to the punching of holes, is to sub-punch in way of the engine 
seating, neat punch in all oiltight work, and punch to size in ordinary non-watertight work. By sub- 
punch is meant punching a full size small, and afterwards ream out to size. By neat punch is meant to 
punch a fin. hole for a Zin. rivet, and ream out to 7% in. 

In bolting up, for oiltight work (page 6, paragraph 4), one bolt in every three holes is the ordinary 
practice, but no riveting should be proceeded with until the connections are knifed and found close, and 
no riveting should be done on inside connections, until the shell has been completely riveted. 

There appears to be an unusual importance attached to the use of jointing, both paper and canvas, in 
the construction described in the paper. 1 conclude this is in accordance with general practice and 
approval on the Tyne, but its use is more limited here, 

Packing (page 6, paragraph 8) is stated to be used between the boundary angles and shell. In 
practice here, no paper packing is used in this joint, but a vertical thread of lampwick is placed between 
each row of rivets, and instead of the details shown on Fig. 10a and 108, the frames would be joggled at 
the seam, with a caulked dutchman at the joggle. 

The maximum distance between the lowest horizontal stiffener and the upper edge of the bottom 
bracket clips (page 7, paragraph 4) is given as 12ins. Should this not be 15 ins. ? 

Instead of the bulkhead web attachment angles (page 7, paragraph 5) being joggled at the landings, 
we often cut the angles off at each side of the step and leave a space of about 1 in. sufficient for caulking. 
This eliminates the necessity of fitting liners. 

The practice regarding riveting (page 7, paragraph 6) is as follows :—The shell and bulkhead 
webs are bull riveted in sections ; tranverse bulkheads are completed (as far as possible) on the 
ground by pneumatic ; and after erection, all riveting is pneumatic. 

| conclude the author refers here (page 7, paragraph 7) to each half bulkhead, not both sides. 

The practice described (page 9, paragraph 1) of fitting the shell transverses with continuous sliell 
angles and afterwards burn off in way of notches for longitudinals, is exactly the method used here. This 
procedure is stated to be cheaper, inasmuch as the loss of material is offset by the saving in handling 
many small pieces. In the punching of holes in longitudinals, the practice is to punch all holes and clips 
ice mould loft templates ; the shell connections being punched neat size in brackets, and full size in 
clips. 

The opposite procedure is adopted to that stated (page 10, paragraph 1), as no ground riveting is 


done on longitudinals, but all holes are punched in bulkhead bracket and clip connections from loft 
templates. 
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For the curved end longitudinals and inside strakes of shell, solid shaped wooden moulds are used, 
and the longitudinals punched therefrom. The outside strakes are afterwards lifted from the ship where 
the shape is considered excessive. 


All deck plates (page 10, paragraph 8) are taken complete from loft templates, all fore and aft. 


In the case of engine seatings the practice on foundations is to sub-punch (2 in. less) all work, and 
ream to size. The holes are laid off from loft templates. Metal to metal fit is accomplished at the bottom 
of the girders by leaving a 4 in. space clear and welding this space solid all along. At the top, the plate is 
fitted with edge protruding (as described in the paper) between the double bars and dressed off in place. 


Regarding erection, the order is shown on the accompanying sketch A, and is as follows :— 


My 


—skereHd A- 


—EE——— 

1. Flat keel and angles for } L. (checking 9. Transverse bulkheads. 

length accurately at same time). 10. Side transverses to 2nd deck. 
2. Bottom shell of square body. 11. Side longitudinals to 2nd deck. 
3. Bottom shell longitudinals. 12. Deck transverses on 2nd deck. 
4. Bottom section of transverse frames. 18. Side shell to 2nd deck. 
5. Bottom strake of O.L. bulkhead. 14. Longitudinals on 2nd deck. 
6. C.L. bulkhead webs to 2nd deck. 15. Plating on 2nd deck. 
7. C.L. bulkhead longitudinals. 16. Shell bilge plates (lifted from ship). 
8. C.L. bulkhead plating to 2nd deck. 
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Mention is made of scarphing of inside shell plates (page 13, paragraph 12), where edges cross shell 
butts. This is not done here, tapered liners being fitted and the corners caulked up tight. Where 
longitudinals cross shell butts, the latter are, of course, scarphed in way. Where longitudinals cross 
bulkhead doublers, it is the usual practice now to cut off the shell flange of the longitudinals and fit a 
backing angle (see sketch B). 

eSHett Lowel. 48S. 
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Where bilge keels cross shell butts (page 13, paragraph 14), it is usual to cut off the tee bar at each 
side of the butt (see sketch C). In way of 0.T. bulkhead boundary bars and transverses, the shell rivets 
are driven flush, and the tee bar is welded on both edges in way of the cross-overs, in lieu of rivets. 


~ SKETCH Gs 


Mr. Macdonald is of the opinion (page 14, paragraph 4) that drilled holes are more accurate than 
punched holes, and that multiple drilling is cheaper (and presumably more accurate) than punching. 
This latter is questionable. When a large shipyard here heard of the multiple drilling practice being 
done in a British shipyard, they experimented with the idea, hut came to the conclusion that punching of 
individual plates as ordinarily done, was not only cheaper, but more accurate. Regarding the latter, it 
was found that the drill could be 2 in. out of line in the lowest plate of the tier than in the top plate, 
this being due to the difficulty of clamping the plates tight, and the slight movement in the drill. 

Swell neck rivets are used throughout, but the swell is not quite as great as In the British standard 
rivet ; usually U.S. Navy standard rivets are used, which have only about half the British swell. I am of 
the opinion, based on experience with such work and riveted test specimens cut through for examination, 
that swell neck rivets should always be used, even in drilled or sub-punched and reamed holes. 

I conclude from (page 17, paragraph 1) that Mr. Macdonald suggests that the tanks be tested first 
with the caulking side exposed, and the back test afterwards. On this side, it is considered desirable to 
make the back test first, so that when the tank is finally tested with the caulking side exposed, any slight 
leakages can be rectified, and the caulking is not again strained by the test pressure from the reverse 


direction. 
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In conclusion, I must again add my thanks to Mr. Macdonald for the trouble he has taken in 
detailing so fully the tanker construction practice in his district, as it is of considerable value to his 
colleagues everywhere to understand such differences in practice, and compare notes. The features which 
strike me chiefly on the practice he describes and that carried out here, are the very much larger use made 
on this side of the mould loft and template work. The amount of paper jointing and gunning evidently 
allowed on the Tyne is remarkable to me. The former prevents a good metal to metal joint as 
compared with the use of ane of lamp wick, as already mentioned, which can be compressed to a feather 
edge by efficient bolting up and riveting, and as regards gunning, surely the practice of allowing gun holes 
every 6 ft. (page 16, paragraph 8) is placing an emphasis, in the minds of the shipyard employees, that 
tightness can be obtained by injections instead of by sound metal to metal connections. In other words, 
like the caulking of weeping rivet points, gunning a connection should only be resorted to during or after 
testing, and should be looked upon as a last resort. 


Mr. ConsTANTINI. 


Mr. Macdonald’s masterly paper on oil tanker construction calls for very little comment, as the ground 
is so thoroughly covered and also perhaps, because uniformity of design and stringency of owners’ 
specifications have resulted in great uniformity of practice ; at least between the Tyne and this country. 

The only big difference between Tyne practice and the local system seems to be in the extent of 
template work and method of erection. 


Here every plate and angle in the ship, with the exception of a few tank top plates, are marked off 
from loft templates or battens with quite satisfactory results. 

Mr. Macdonald seems to be rather sceptical as to the advantages of lining off shell plates and I think 
he is quite right, if lining off is considered as an end in itself, i.e., associated with the usual yard practice 
and extensive employment of skilled labour. 

Lining off however is an entirely different proposition if considered as the means to an end, as it 
renders possible very efficient shipyard organisation, large scale adoption of unskilled labour at reduced 
rates of pay, and very rapid erection of the ship. 

Cruciforms are certainly a great advantage, as far as the shipyard is concerned, and were also fitted 
here in a couple of ships until a very important oil company would not have them on any account on the 
ground that they gave trouble in service. That was the end of the cruciforms as far as local shipyards 
were concerned. 

There is a little point regarding the riveting of the lugs attaching the longitudinals to the bottom 
and side transverses which Mr. Macdonald has not mentioned in his paper, although I happen to know it 
was in his mind, 

These angles seem to have the unhappy knack of leaning against the standing flange of the 
longitudinals, thus preventing the heel of the longitudinal from bearing on the plating. This means burning 
out nice hydraulic rivets, slewing the angles round, rimering holes, &c., an altogether unsatisfactory state 
of affairs. Upon investigation, it was found, however, that the poor lugs were quite innocent, and the 
culprits were instead the longitudinals whose shell flange invariably opens up slightly when being 
punched, thus preventing the heel from touching the shell. Now the lugs are carefully set a little off 
the square off the shell (about 3th in. in the depth of the longitudinal) to suit the slight list (let us call 
it) of the standing flange of the longitudinals, and all goes well again. 

A contrivance very much similar to that described by Mr. Macdonald was used here some years ago 
for setting the longitudinals, but the men at the squeezers, who were on piece work, soon discovered that 
it was easier to bend the templates to the longitudinals than to set the longitudinals to the templates. 
Now the template consists of two boards cross-braced together, and a long flexible batten, supported by 
metal forks at the ends of the pointers, forms the sight edge. 

If my interpretation of Mr. Macdonald’s text is correct, it would appear that the man at the 
squeezers after shaping one longitudinal, re-sets the pointers on the template to some loft off sets in his 
possession. This procedure would be considered bad practice here, for while one of the men would be 
busy adjusting the pointers, the other two or three men forming the gang at the squeezers would be 
laying idle. 
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Here a batch of say ten such templates is supplied, already set to the required shape from the 
moulding loft to the squeezers, and another batch would be forthcoming before the setting of the first 
20 longitudinals was completed. 

There seems now to be a decided tendency to extend the longitudinal framing also in way of the fore 
deep tank. When this is the case the question of bending the bottom longitudinals to the required shape 
makes quite an interesting little problem, as several of these longitudinals have double curvature, twist 
and a certain amount of bevel on the shell flange. Here the difficulty is solved by developing the standing 
flange of the longitudinal as one would a strake of shell plating and preparing a template to the expanded 
outline. The longitudinals are then furnaced and set on the blocks to this template, then bevelled and 
finally twisted. Incidentally there are numbers of longitudinals which have a certain amount of twist 
even though the longitudinal framing be stopped clear of the fore deep tank. It would be interesting to 
know how these longitudinals are shaped in the Tyne district, as the operation of twisting them would 
alter the previous set given at the squeezers. 

The curved portions of the shell attachment bars at the transverses are bent here in one length at the 
furnace, lined off, punched, cut up under the hot saw and then bolted to the transverse with full size 
service bolts and checked for fairness ; the same template being used for marking the bilge portion of the 
transverse, for shaping the shell angle, marking the shell angle and finally for checking the shell angles for 
fairness after bolting up. These angles are not joggled now, they are cut instead. 

The 6 in. by 6 in. single bulkhead shell angles used in lieu of double angles are a doubtful advantage 
to the builders who must put in four rows of rivets in lieu of three and are certainly a cause of anxiety 
for the poor surveyor as it leaves him practically helpless should anything go wrong with the caulking of 
the bulkhead flange of the double riveted single angle during a back test. 

In a large bracketless tanker built recently in one of the local yards the bulkhead shell bars were 
6 ins. x 6 ins. tee bars and the bulkhead horizontals overlapped the bulkhead flange of the tee and were 
attached thereto by two rivets. In addition to the usual closer spacing of rivets the ends of the horizontals 
were welded. Good care was taken to see that they were well welded. Frankly there always existed a 
doubt in my mind as to what would happen should the bulkheads bulge to any appreciable extent during 
a back test. All the tests and back tests, however, of the main tanks were quite satisfactory as the 
deep bulkhead webs did their work nobly and no noticeable deflection took place. My fears were, however, 
realised when it came to the test of No. 9 main tank. The after bulkhead of No. 9 main tank was the 
forward bulkhead of a cofferdam 4 ft. wide and upon filling and pressing up No. 9 tank the two cofferdam 
bulkheads as a whole bulged slightly and dampness was at once apparent ab the cross over points of the 
horizontals with the bulkhead flange of the tee bar. There was nothing to be done on the cofferdam side 
as caulking was not practicable. The trouble was finally cured by fitting additional stiffening and by 
welding the bulkhead plating on the cofferdam side to the bosom of a tee bar for the full girth below the 
second deck. Incidentally this shows that cofferdams 4 ft. wide in very large tankers, while sufficiently 
strong, are certainly not sufficiently stiff, and that the tee bars would have been the source of great trouble 
and expense to the builders had electric welding not been available. 


Mr. HJERNOQVvIST. 


Mr. Macdonald’s paper has given me a good account of the building of oil tank vessels at the Tyne 
shipyards, and many interesting details of hull construction have been described. 

Here in Sweden during the last few years tank vessels have been built on longitudinal and transverse 
framing and also on the bracketless system. In the transversely framed tankers both intercostal and 
longitudinal girders have been adopted, and very good results have been obtained especially with the con- 
tinuous longitudinal girders. 

It appears that the methods adopted at Swedish yards in tank construction differ in many respects 
from those adopted in Britain. ‘Templating is used in Sweden for nearly all the different parts in the 
hull, only a few deck plates, the shell plates with double curvature at the bilge at about 3 L. and those 
at the counter of vessels with cruiser sterns being made from moulds lifted in place. Deck stringer angles 
and some angle collars are also made from moulds lifted in place, and sometimes the top plates of engine 
seatings are lifted in the ship. Hydraulic riveting does not exist, nor is hand riveting used except when 
it is a question of deck houses or other parts constructed of thin material which have to be flush-riveted. 
Heavy pneumatic rivet hammers are used. 
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For stoppers, paper or string is used, but canvas is never used. Injection is very little adopted and 
it is considered by many to be a sign of bad work if it is necessary for it to be used. 

Centre Ling BuLKueaps.—Mr. Macdonald gives several methods for the connection between the 
longitudinal and transverse bulkheads. The method which is being adopted in Sweden is, however, not 
mentioned ; the whole centre line bulkhead is made continuous for all strakes, the butts being shifted in 
a similar manner to the shell, thus giving the vessel a very good longitudinal connection and reducing the 
stresses on the rivet connections at the junction of longitudinal and transverse bulkheads. 

Tranversk BuLKHEADS.—Filling with vulcan cement, &c., is only adopted in exceptional cases at 
a bulkhead where for some reason or another, the water passes the stoppers, and the injecting is not done 
before the tank testing. The joggles are made so that they fit close to the plate edge and only a three 
cornered filling piece is fitted and caulked at both ends. 

The author states that “generally three-ply oiltight work throughout the ship should be riveted 
with countersunk heads and points.” Special stress ought to be laid on this for anyone who has tested 
tankers knows how difficult it sometimes is to get the stiffening side tight when the rivets are not counter- 
sunk and how often leakage occurs at places where three-ply work is adopted. 

The transverses above 2nd deck in the summer tank connections should be very carefully made, and 
Mr. Macdonald says that the holes in the angle which connect the lower bracket to the 2nd deck of the summer 
tank are all punched, but only two in the bracket are punched while the remainder are drilled, but this 
hardly goes far enough. In addition only two holes should be punched in the deck plates and beams 
below to which the angle is connected and the remainder drilled in place. Also all of these holes ought 
to be countersunk on both sides and stoppers fitted between the deck plating and the beams. These 
places often give trouble. 

Eneine Seats.—These are made in general similar to those described in the paper, but there are 
some differences. The top plates of the seatings do not form the top of a double bottom tank, the seat- 
ing being built up on top of the tanks, All riveting is done with countersunk heads and points and with 
two machines, one on each side. The vertical plates are carried up to the heel of the top angle, thus 
ensuring a bearing fit to the top plate and a similar bearing fit to the shell is arranged at the bottom. 
Recently the flanges of the top angles have been electrically welded to the top and vertical plates for 
lengths of 3ins. spaced about 12 ins. apart ; this as additional strengthening. 

Rivetine.—In order to obtain good results with countersunk rivets in tankers, rivets with convex 
heads should, in my opinion, always be used and the angle in the countersunk head of the rivet should be 
a few degrees smaller than that of the countersinking tool, in order to be sure of that the rivet head will 
fit close to the bottom in the countersunk hole. Not nearly such a good result of the rolling up of the 
head will be obtained with a flat headed rivet as is shown in the sketch Fig. 15, in actual practice. 

JOINTING, STOPPERS AND SHors.—In regard to the use of packing, one can say as a general rule that 
only paper of suitable thickness should be used. The paper should be waterproof, for example by means 
of linseed oil, and it should be laid between the materials in all places where it is possible for the oil to 
travel along and where it cannot be stopped by means of caulking. 

Injection should not be used until it is found to be necessary to stop a leak which cannot be caulked 
tight. 

*~ T should like to thank the author for his interesting and valuable paper. 


Mr. Jonson. 


The local straining in a tanker is relatively severe compared with that of the ordinary cargo vessel, 
and the effect of this straining will fall principally on the shell plating, from which it is transferred to 
the supporting internal structure through the riveting. It therefore follows that the shell riveting of a 
tanker must be specially efficient. For this reason it would appear better that the greater portion of the 
shell plating should be lifted from the ship instead of from the loft and in any case this should be done 
for all shell plates crossing transverses, bulkheads and decks. , . 

As the author points out the drilling of the rivet holes in the shell is excellent practice and is perhaps 
that most productive of accurate alignment. ; ’ 

Where the end laps of the keel plate landings are scarphed instead of fitting tapered liners, particular 
care must be taken with the caulking of the centre line bulkhead bottom angles to avoid cutting or 
disturbing the material at the thin edge of the scarph, as apart from weakening the connection in the 
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event of it being damaged, a source of rapid corrosion may be created. This naturally also applies to 
the scarphed landings of the shell plating. 

The arrangement of plating oa the centre line bulkhead as shown in Fig. 4, which results in four- 
ply riveting in way of the end laps has little to commend it, and should be avoided in spite of any 
erection advantages which may exist; the arrangement shown in Fig. 5 for the butts on centre line 
bulkhead plating is a distinct improvement. 

It would also appear preferable that the angles connecting the vertical webs to the bulkheads should 
not be carried across the plate seams but might be arranged to stop short of these as is done in the case 
of the horizontal and longitudinal stiffeners. Where necessary, as for example where the lugs are on the 
short side, compensation might be made by increasing the riveting of the angle connections to the bulk- 
head and web. It is not often one finds in tankers in reasonable condition that the riveting of the web 
to bulkhead connection shows signs of starting or weakness, this condition is generally found in the face 
angles of the webs where nests of about four or five rivets together are found to be slack under the 
hammer or may be they are missing altogether. 


At the crossing of the transverse and longitudinal bulkheads the cruciform arrangement is preferable 
to the four angle system which latter is often a source of trouble at special surveys. 

I should like to ask the author if any trouble has been experienced in the cruciform double riveted 
connection to the longitudinal bulkhead plating as it would appear that as the bottom strake of the 
longitudinal bulkhead requires to be treble riveted it might be expected that at least the top strake of 
the bulkhead should have a similar attachment. 

Reference is made in the paper to one firm of owners which require the transverse bulkhead plating 
to be shipped fair to the boundary angles. It would be interesting to know if it is their experience 
which has promoted this practice. On the whole it would not appear to be so desirable an arrangement 
as that of cutting the plate slightly short of the heel and filling the resulting cavity with vulcan cement, 
a system which reduces the possibility of later trouble through slight irregularities in way of the liners and 
crossings. In any case the former practice is inapplicable to the bulkheads in way of the expansion trank 
and summer tanks, which in good practice have the boundary bars marked off on the ship after the 
plating is erected. 

With careful workmanship, the arrangement shown in Fig. 10a for joggling the bulkhead frames 
should prove very satisfactory, but it is perhaps better to avoid joggling in the structural members of 
tankers so far as possible, as this feature often presents much difficulty in cases of damage or wear and 
tear repairs which require to be done abroad, where the facilities are not always available to either fair or 
renew such parts of the structure, in the form originally fitted. 


As regards the use of paper jointing at bulkhead boundary bars where hand or pneumatic riveting 
is used, there is a diversity of practice so far as the thickness and treatment of the paper is concerned. 
These several usages are doubtless more or less equally efficient, but it would perhaps be useful if the 
author would comment on this point in his reply, particularly in relation to the various kinds of oil 
carried by tankers. 

It may be of interest to record whilst on this point, that in one case use was made of fine wire gauze 
stops which had been treated by the builders with a special cement-like mixture before fitting. This 
method proved unsatisfactory and had to be removed later at considerable expense. 


It is better that all connections such as brackets to bulkheads, which involve three-ply riveting, 
should have the rivet holes punched in the lugs only before erection, the holes being passed to the plating 
in position. This avoids unfairness, and there is little inconvenience caused should one lug require to be 
renewed because of blind holes. 

In Fig. 12, the fairness of the shell lug attachments of the transverses is shown maintained by fitting 
small angle lugs across the gaps for the longitudinals. It is important that these should not only be angle 
lugs, but that the material should be sufficiently stiff to maintain straightness. Sometimes it has been 
observed that plate strips were being used for this purpose, and which were bent, due to the sheers, or 
became so on being screwed up. They are, in any case, useless for this purpose. 

The Table on page 9 giving a graded practice for drainage holes, appears to give about the maximum 
hole possible without unduly affecting the efficiency of the pierced member. Holes of 4 in. and one inch 
diameter are, however, on the small size, as they are found, especially in heavy oil carriers, closed with 
dirt and deposit and require to be frequently cleared. In small coastal tankers built on the transverse 
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system with good rise of bottom, it is not essential to fit drain holes in the bottom framing, as sufficient 
clearance to pass the oil to the suctions is usually found or can be arranged along the cutaway of the floors 
adjacent to the longitudinal bulkhead bottom angles. 

On page 11 the author refers to the punching full size of tank top engine seating plates. These 
are usually very thick and, in my opinion, it is better to drill the rivet ficla in these plates, which gives 
both accurate and efficient results, which are especially essential where Diesel engines are fitted. Also 
the arrangement of the rivet holes in the seating plates should be given consideration in relation with the 
position of the holding down bolts of the engines before drilling is commenced. 

It is not seen what useful purpose is served by rolling up the countersunk head of rivets as shown in 
Fig. 15. This work is probably done with the pneumatic hammer, and would more likely result in the 
separation of the rivet and countersunk surfaces of the plating, instead of hardening them up together as 
is desired. The process tends to hide defects rather than to remedy them. 

The author’s note regarding the testing of a tank in a 400 ft. ship, on page 17 of the paper, is 
interesting and is ara due to the pressure head aan the bulkheads to bulge, thus increasing the 
tank capacity, so that when the bucket was removed and the head reduced, the additional resulting 
overflow would be expected to occur as the bulkhead plating returned to its normal position. 

In conclusion, I should like to congratulate the author on his excellent paper, making particular 
reference to the concise and orderly manner in which it has been arranged. 


Mr. LeEUWENBURG. 


In connection with Mr. John Macdonald’s paper, read on the 12th November, 1930, “The Practical 
Construction of Oil Tankers,” I may state that my colleagues and myself, who have dealt in Holland 
with the building of oil tankers and repairs on oil tankers for many years, have read with great interest 
the contents of this paper, and it is fully recognised that the framing of such a paper is a most difficult 
one to undertake and can be considered as great value to those members of the staff that are dealing 
with this special work. 

Tt naturally follows that for every surveyor who is dealing with the survey of building of oil tankers, 
it will be clear that not only the survey of oil tankers under construction will enable anyone to recognise 
the great difficulties attached thereto and form opinions for the best manner of obtaining good workman- 
ship, but more so to those who have also had to deal with special surveys and repairs to that type of 
vessel, in order to enable them to obtain a broad view in the matter, and as repairs, and also the 
construction of oil tankers, has always been extensively dealt with in the Tyne district, the contents of 
this paper have been read with great interest. 

Mr. Macdonald has been dealing in his paper specially with vessels building on the longitudinal 
system, which, to a large extent, agrees with those types of vessels we are dealing with in Holland, with 
this exception, that the longitudinal framing is principally used in bottom and decks, whilst the ordinary 
athwartships framing is being adopted in the sides, but, as already said, the principles mentioned in 
Mr. Macdonald’s paper fall within the same lines. The manner in which the building of that type of 
vessel is commenced does not vary in any respect with that adopted in Holland; where, however, 
Mr. Macdonald describes methods of laying off and making of templates for the various parts of the 
vessel, we may remark that it is, in our opinion, not necessary to enter into details as to which will be 
the best method, principally as every country now-a-days, and also every yard, adopt different methods as 
to the extent of laying off the various parts from the scrieve. For instance, in Holland, at the yards 
where the construction of tankers is taken in hand, the laying off has been extended far beyond what 
has been described in Mr. Macdonald’s paper, and with very great success; very few templates are being 
made, as the most of it is immediately lifted from the scrieve, with either steel or wood battens on which 
the holes are being marked, and from which longitudinal or athwartships framing is being punched or 
drilled, as the case may be, and from these battens again the shell plating, deck plating and bulkhead 
plating is being punched. 

It is very accurate work and the very best men are selected for that kind of work. 

The plates for shell, bulkheads and decks are properly mangled, laid on benches or on flat floors, 
and scrieved off, as already stated, separate steel or wood templates are used for butts and landing edges, 
and, as may be known to you, the whole of the inside plating is being laid off in the sheds and punched 
before the framing is erected. 
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The inside strakes are even being laid off as far as stem and sternframe, so that by this method 
great accuracy is required, but it facilitates to bring the framing, specially when athwartships framing 
is being used, in proper position after being erected by the plates, thus avoiding the fitting of ribbands 
for keeping framing in place. 

It is very difficult to say which of the two methods is cheaper, but, as far as workmanship is 
considered, the method at present adopted in Holland has not led to any difficulty, but I also believe that 
in some places it will suit circumstances to lift templates from the ship in the original manner, and which 
I know is still widely adopted in Britain. 

Coming back to punching machines and dies, mentioned in Mr. Macdonald’s paper, we consider that 
it is a poor shipbuilder who does not give proper attention to his tools in order to avoid rags, either in 
punching or shearing, and I do not see that difficulties can be arrived at now-a-days by the more modern 
machinery so largely adopted. For instance, the sockets, as we may call them, in the punching machines 
should have been provided with proper hard steel rings, which are made to suit the punches, and this 
will prevent wearing, and besides, they can be changed immediately without difficulty, and which is much 
better than what was used in the old days in old machines, where no special hard steel rings were 
fitted in the socket. 

With regard to shearing plates, the latest machines adopted also prevent to a very large extent 
plates being bent by shearing, such as is shown on the sketch in the paper, because it is well known 
that long shearing machines are now widely used whereby plating is held in position by hydraulic 
rams, the same as is so commonly used on the planing machines. 

Goming to the scarphs at landing edges, buttlaps in way of longitudinals, and centreline bulkheads, 
we may remark that we would not always like to recommend planing them at an angle of about 45 
degrees, particularly at those plates where caulking has to be done at the scarphs; we found very often 
that it leads to cutting with the caulking chisel into the plating and we therefore have recommended that 
where caulking has to be carried out it is better to plane the sides of the scarph with a round tool 
whereby the edge becomes somewhat hollow, this prevents the thin edge from getting fractured and 
certainly turns out better workmanship. 

The next point is in our opinion highly recommendable and very widely adopted nowadays in Holland, 
namely, not to punch any of the plates at that part where scarphs have to be cut, because if the holes are 
in before the scarphing has been done, they are bound to break the material at ends by planing off and 
therefore if the holes are left out, better workmanship is obtained, as it is a very simple matter to drill 
these holes through that thin metal afterwards. 

With regard to riveting in general, this also varies in various places. In the larger yards in Holland 
for the greater extent pneumatic riveting is adopted with very great success, but one of the most vital 
points in using pneumatic riveting is to take care to properly bolt the material home before riveting 
is started. 

As regards the use of countersunk rivets, we in general fall in with the same system mentioned in 
Mr. Macdonald’s paper, and I do not think that there is much difference in price in Holland with this 
kind of riveting as compared with the panhead-rivets ; it is always recommended that the countersunk 
heads should also be well laid down in the same manner, as done with ordinary stem and keel bar rivets in 
every vessel, and in our opinion the countersinking as regards depth should for the countersunk head be 
more in comparison with the countersinking required by the Rules, whereby sound and tight work is 
obtained at three-ply riveting, and packing can be avoided. 

Where Mr. Macdonald speaks on page 9, first paragraph, about angles being cut off in way of the 
notches for the longitudinals at transverses after they had been riveted in place, we may state that this 
was also done in Holland, some years ago, but since the laying off and the erecting of the various parts 
completely riveted has been further carried through, this has been discontinued, but after the various 
parts have been bolted to the plating a bar is temporarily fixed at the undersides to keep them in proper 
position before riveting to the transverse plating 1s being started, which has been found to turn out very 
good, same as fitting short lugs to the double boundary bars of bulkheads before riveting is started; by 
this method the double boundary bars in all bulkheads are therefore kept in proper position, which is very 
essential to the method in which the bulkheads are being completed in Holland ; apparently this was also 


done to some extent according to Mr. Macdonald’s statement, but we consider that great attention has to 
be paid to this. 
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We are very pleased to read the methods adopted in securing the best of workmanship in double 
bottoms in way of the engine seating, as this is a most vital point, because we are of opinion that good 
workmanship in this particular part is even more required than a lot of extra material. 

The manner as to whether intercostals or continuous plates are being fitted varies in many cases and 
greatly depends on circumstances, but in our opinion it is very desirable that where an engine is directly 
bolted to the double bottom top, no matter whether it is a motor engine or a steam engine, the holding- 
down bolts should pass through the increased angle bars on the top of the internal structure of the double 
bottom, rather than fitting the holding-down bolts through increased top plating only, which after some 
years has very often caused trouble to riveting in top plating and the closing up of the rivets cannot always 
prevent this. In some of the shipyards in Holland the rivet holes are drilled in the varions parts of the 
double bottom under motor seatings. 

With regard to the connection of tee bars from bilge keels at the cross-over of the bulkheads we are of 
opinion that with good care, especially where the laying off is so widely adopted as in Holland, four rivets of 
the bulkhead can pass through the flanges of the tee bar at the cross-over, and will not give any difficulty 
if proper care is being taken and the rivets are well laid up. It is the usual practice in Holland to caulk 
the tee bars on the outside and to have the counter-sinking through the flange of a bar, whereby rivets are 
bound to be well closed at shell. 

Jormntine, Stoppers and SuHors.—We have read with very great interest the paragraphs about this 
very particular and essential item, not only in building tankers but also in the present day vessels 
fitted with very large side bunkers and cross bunkers for oil fuel, and we feel inclined to say that this 
point in the early stages requires full attention, especially when various parts are being bolted together 
before riveting. In general we quite agree with the position of the stoppers and the jojntings as 
described in this paper, but we are also of opinion that with very good care in the early stages a lot of the 
so-called shot holes should be dispensed with, and in our opinion the liberal manner in which shot holes 
are allowed to be drilled, can lead to carelessness in the proper execution of the important jointing up, 
and fitting of necessary stoppers in this kind of work. 

It has been observed that shot holes were allowed to be drilled in angle connections for brackets and 
stringers at bulkheads where they should not have been permitted, because in many of those cases the 
leakage prevented by filling up the cavity with Vulcan cement or whatsoever, may only stop that leakage 
for the time being, but as soon as those particular parts are submitted to working stresses, it is bound to 
cause leakage again as these vital parts had not been home in the early stages and one should take great 
care about this; it is better to recommend the cutting adrift of such parts for reriveting than using 
injections. For bracket connections to bulkhead, tee bars are generally used in Holland and countersunk 
rivets fitted, experience has shown that this is preferable to single bars, and no trouble at all is met 
with during the back test. 

We have only entered into general remarks as it would take too Jong to go into details of the best 
method of building up the various parts in this particular type of vessel and although we might have 
done so, as already mentioned in the beginning of my letter, the practice in dealing with the various 
details will always differ in many respects in various countries and in various shipyards. It greatly 
depends upon the skill of the workman and to what may suit circumstances best, but workmanship in 
general will remain the same wherever oil tankers are being built, and we therefore have to thank 
Mr. Macdonald for his paper which will throw a broad light on the subject for everyone interested in this 
important class of work. 

I have pleasure in enclosing for your perusal, photo’s of tankers building at Biirgerhout’s and 
Wilton’s yard, of which all parts are practically completed in sheds before erection. (See end of paper.) 


Mr. Ormiston. 


This paper is a noteworthy contribution to the literature of the Association. In it are set forth all 
the possible precautions which one could imagine needful for the careful and accurate erection and con- 
struction of vessels intended to carry oil in bulk. 

It is to be noted that the paper appears to confine its attention to tankers built on the longitudinal 
systems of construction which form the great bulk of this type of vessel. 

It is interesting to note from Figs. 1 and 3 that scarphing of keel and shell plating is not explicitly 
objected to. I should like to ask the author his opinion on this point. Some owners of oil tankers seem 
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to prefer to fit tapered liners at seams in way of overlap butts presumably in order to avoid the results of 
corrosion referred to near the bottom of page 13 of the paper. Is it to be understood from the paper 
that scarphing is indicated for the shell plating only or as a general practice on decks, bulkheads and 
other internal oiltight boundaries in oil tanks ? 

The author near the top of page 3 refers to planing of shell plates. May one infer from this that it 
is suggested that it is not usual to plane the sight edges of the deck plating of tankers? This plating 
reaches considerable thicknesses in larger size tankers and it would seem desirable to plane these edges as 
for shell plating. 

I should like to ask the author why countersunk headed rivets are adopted in the vertical web angle 
connections of the centre line bulkhead referred to on page 3 of the paper in the second paragraph of the 
section “Centre Line Bulkheads.” 

Referring to the cruciform arrangements at the intersections of transverse with centre line bulkheads 
it seems reasonable that if treble riveting is necessary for the end attachment of the bottom strake of 
plating of the centre line bulkhead, likewise the end attachment of the top strake of the same bulkhead 
should have a butt attachment of not less strength. 

Referring to Figs. 4, 5, 6, 8 and 9 I should like to ask the author whether the edges of the vertical 
overlaps of the bulkhead plating nearest to the toes of the flanges of the boundary bulkhead angles are 
caulked—it would seem desirable that these be caulked but it would also seem very dfficult to do so after 
erection. 

My experience in tanker construction and in oil fuel tank construction in vessels other than oil 
tankers does not lead me to favour the alternative practice referred to in the second paragraph near top 
of page 6 and elsewhere, namely to sub-punch or sub-drill rivet holes in one member and punch or drill 
full size the rivet holes in another member to be riveted to the first. I should prefer, generally, unless 
very special care is taken, that either the rivet holes, in both members to be riveted together, be drilled 
or punched a size smaller or that both be drilled or punched full size before rimering recountersinking 
and riveting up. 

A blast of air from the pneumatic plant is useful also in removing any small particles of steel caused 
by rimering referred to in last paragraph of the section “Cruciform” of the paper. 

There is I suppose, generally speaking, no doubt that joggling of boundary bars of bulkheads is not 
desirable, but I can think of tankers with joggled boundary bulkhead bars which have given good results 
in practice for petroleum carrying. 

Referring to the remarks near the tops of pages 6 and 8 and elsewhere regarding holes punched 
beforehand for erection, I should like to ask the author if he advocates these be of the full size eventually 
intended for the rivets to be used. 


I have doubts as to the efficacy of the practice referred to in the second paragraph of the section 
“ Engine Seating” to leave long the edges of the plates between connection angles and afterwards dress 
these off flush—presumably this is to relieve the riveting of strain but I think it is very difficult indeed 
in shipyard practice to effect this and I am of the opinion that the amount and the quality of the work- 
ore of the riveting should be entirely independent of any “bearing” which it may be possible to 
obtain. 

The reference in the fifth paragraph of this section of the paper to the use of countersunk headed 
rivets in certain angles of the seating to avoid obstruction during the riveting of the other flanges is 
specially important and is a precaution sometimes completely lost sight of by builders in more than one 
part of a ship under construction. 

I should like to ask the author what is the idea of “rolling up” the heads of countersunk headed 
rivets referred to at top of page 15 of the paper. In my experience this is not desirable if only from the 
point of view that countersunk headed rivets which do not fill completely the countersink in the plate 
intended for the countersunk head of the rivet may thus be “rolled up” before the surveyor has had an 
Speer ae to satisfy himself that all rivets whose countersunk heads are not fitting properly have been 
removed, 

Referring to the third paragraph on page 1 of the paper, I should like to ask the author if any special 
precaution has been found necessary by way of special support, when the ends of the vessel are thus com- 
pleted concurrently with the testing of the cargo oil tanks, in order that the general fairness fore and aft 
of the vessel be not endangered. 
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I do not seem to notice a special reference in the paper to the type of oil stop used in shell or deck 
longitudinal seams where passing bulkhead boundary bars and should like to ask the author what he has 
found in practice to be the most efficient oil stop, oiled paper or other type, for petroleum or heavy oils. 

For interest and reference I have collected together all the parts mentioned in the paper where 
countersunk headed rivets are used and I hope the author will not mind my enumerating them here at 
the end of my remarks. 

1. Keen Prates.—In vertical and horizontal flanges of the keel angles to the centre line bulkhead. 
In keel plate butts in the row of rivets on each side of centre line bulkhead next to the flat keel angles. 
Throughout the ship where an angle which requires to be caulked crosses an overlap with panhead rivets. 

2. Centre Line Butkueapd.—In all three-ply work. In the vertical web connections to the bulk- 
head. Sometimes in the horizontal stiffeners. In the ends of horizontal stiffeners in way of four-ply 
riveting at butt overlap of lower plate of bulkhead. In the four rivets in the vertical web connections in 
way of the double riveted seam of bulkhead plating. 

3. Cructrorm.—In plate and angle connections of cruciforms—hydraulic rivets. 

4, TRANSVERSE BuLKHEADS.—In the boundary angles and in the angles for brackets to the bottom 
longitudinals and centre line bulkhead horizontal stiffeners—hydraulic rivets. In the vertical web 
attachment angles in way of the plate landing edges and the angles at the cross over. All three-ply work, 
see Fig. 10. Generally three-ply work throughout the ship. 

5. Encrve Seatinc.—In the upper and vertical angles of the longitudinal girders of the double 
bottom in way of the engine seatings. In the inner bottom plating adjacent to the holding down bolts. 

6. Brnar Keet.—lIn the shell flange of the tee bar. 

7. Rivetinc.—In oiltight work rivets with convex countersunk heads and points if hydraulic 
riveting is carried out. Flat countersunk heads for hand riveting and convex or flat countersunk heads 
for pneumatic riveting. Particulars are given of dimensions of countersunk head rivets in text and figures. 

8. Testinc.—The second paragraph on page 17, which states that ‘The fitting of rivets with 
countersunk heads . . . . thus saving an injection at the back test.” 

In conclusion I would reiterate the great value to the records of the Association of a paper such 
as this. 


Mr. WesstTEr. 


Mr. Macdonald has introduced a subject which during the last few years has been very much in the 
foreground. ‘The paper deals chiefly with one type of oil tanker, but there are, of course, several other 
types now becoming equally as important, and while the general principals laid down in the paper hold 
good for all, each type requires special consideration in regard to details. 

A large number of tankers have been built in Sweden during the last three years, in which the 
various different types of construction have been adopted, but by far the largest number have been built 
on the transverse system with two longitudinal bulkheads, a system which is giving excellent results. 


As is common with most yards on the Continent, a great deal more template work is done than is 
generally done in British yards, and in one yard drilling in batches of six plates is sometimes adopted for 
the shell. The shell plates are kept the same size as far as possible to facilitate this arrangement, and 
most of the vessels are designed with no sheer for about 50 per cent. of the vessel’s length amidships. 

Hydraulic riveting is non-existing in Swedish yards, riveting being almost entirely pneumatic, but 
the hammers used are heavier than those used in most British yards. The absence of hydraulic plant 
means a great difference in the procedure, for very little work is riveted on the ground ; most of it being 
done in place. 

Mr. Macdonald shows the various methods of construction at the junction of the longitudinal and 
transverse bulkheads, most of which has been extensively adopted for several years, but my own opinion 
is that the longitudinal bulkheads should always be continuous through the transverse bulkheads, thus 
relieving the bulkhead connecting angles of the longitudinal stresses. In the transverse framed tankers 
built in Sweden, both of the longitudinal bulkheads are continuous, and in addition, in most cases the 
longitudinal bottom girders and deck girders (of which there are five of the former and two of the latter 
in a 13,000 tons d.v. ship) are continuous through the transverse bulkheads, thus ensuring ample 
longitudinal strength and no trouble at the bulkhead connections. 
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It appears that the arrangements in way of the cruciform shown in Fig. 6 of the paper could be 
simplified by adopting 9 ins. x 6 ins. angles instead of the 9 ins. x 34 ins. angles. The 8} ins. x 34 ins. 
back angles could then be dispensed with. Perhaps this arrangement has been adopted before, but 1 have 
never seen it. 


Illustrations of joggling of bulkhead boundary angles are shown in Figs. 104 and 108, but T was under 
the impression that it is the former that is known as the lazy joggle. 1 have seen entirely satisfactory 
results made with both these methods, and in many tank ships built in Sweden not only have the bulkhead 
boundary angles been joggled in the normal way, 7.¢., right up to edge of the plate, but jogeled shell 
plating has also been adopted quite satisfactorily. Through slips filling up the space between the joggle 
and the edge of the plate are fitted in one piece right through the bulkhead, 7.e., from beyond the toe 
of the angle on one side, to beyond the toe of the angle on the other side of the bulkhead. It is obvious 
that to caulk these it is necessary to fix them, and this is done by electric welding. In the first ships, they 
were welded on both sides of the bulkhead, but it was found that the heat of the welding damaged the 
stop waters or paper, so that in later vessels these are welded on one side of the bulkhead only. 

In way of the thick shell where the joggle is very easy and the aperture is consequently relatively 
large, these through slips are essential and have to be specially made. With a thin bulkhead p'ate or a 
thin boundary angle, however, the joggle can be made so that the aperture is quite small and my own 
opinion is that an entirely satisfactory job can be made by fitting, on each side of the bulkhead, an 
ordinary wedge extending well into the aperture (say about 2 ins.) without any welding. This arrange- 
ment has not yet been accepted, but if joggling is permitted at the corner of the transverse bulkhead 
boundary angle over the kee] angle and over the 2nd deck stringer angle (see Fig. 10) and the wedges are 
fitted in all cases where a bracket is connected to a bulkhead by double angles, | do not see why normal 
joggling should not be adopted throughout the ship. Special care, of course, must be given to see that 
the joggling is well done and that the wedges are not too short. 

Considerably less packing paper is used in Sweden than in most yards in Britain and canvas is 
unknown. Paper is only laid at crossings of seams and butts or of stiffeners and girders and generally at 
three-ply work, on the stiffener side of the bulkhead, but it is never placed in either flanges of the 
bulkhead boundary angles as is almost the universal practice in British yards. Neither is injection used 
except only on a rare occasion and many ships are completed without a single injection hole in them. In 
fact, the system adopted is almost as near to the “ steel to steel” idea as it is possible to be—a principal 
which some builders consider is a myth and impossible in practice. 

The absence of hydraulic riveting and the riveting of most of the material in place fixes the method 
of procedure in erecting and it is almost the universal practice in Sweden to erect all the bottom plating 
first and build up on it. The transverse tanker lends itself very well to erection, as the bottom girders 
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and longitudinal and transverse bulkheads can all be erected and riveted and then the skeleton composed 
of the longitudinal bulkhead stiffeners, deck beams and ties and the side frame hung in place with the 
templated shell to fair it up. 

The practice regarding the punching of holes smaller and rimering up varies in the different yards, 
but it is fairly common practice in Sweden to punch the holes 1 or 2 mm. smaller and rimer them up in 

lace. This gives very good results, but incidentally makes it necessary to use a parallel rivet instead of 
the full-neck rivet. A special tool is now being used for rimering, the lower end of which is the usual 
tool but at the upper end a countersunk tool is arranged, so that both the rimering and re-countersinking 
is done in one operation, instead of the re-countersinking being forgotten as is often the case. 

I consider that the countersunk rivet with the convex head (Fig. 18) is much superior to the flat 
headed rivet. With the latter type of rivet particularly if it just fits the countersink neat, there seems 
to be tendency, only slight of course, for the hammer or holder-on applied to the centre of the rivet to 
cause the sides of the head to come away from the countersink. On the other hand, with the convex 
head the tendency seems to be for the hammer to push the material home at the sides. It is therefore 
necessary to have the head of the flat headed rivet some distance above the surface of the plate as shown 
in Figs. 14, 15, 17 and 18, but this adds a lot of work to the caulking of the rivets if that is considered 
necessary. If the convex headed rivet has to be caulked it is a very much easier job. 

Mr. Macdonald’s remarks in the second paragraph on page 15 in regard to caulking of rivets could 
be equally well applied to injections, for I consider that these are much more effective in hiding bad 
work than caulking. The severity of the caulking of a really bad rivet always makes it look suspicious. 

I once saw a tank division in a double bottom with 42 injection holes in it. 

Another thing in which the practice in tanker building in Sweden differs from that in Great Britain 
is that the tank testing is not done before the launch—or rather only the testing of the double bottom 
tanks under the machinery is done; the remainder being done on the floating dock. This, of course, 
enables the builders to use the berth for the building of another ship sooner than if the testing was 
completed before the launch. 

I feel that my remarks regarding the absence of packing and injection might give rise to some 
curiousity respecting the results obtained. I can only state that a 470 ft. ship with 9 centre tanks, 10 
side tanks with the usual cofferdams, 0.F. bunkers, deep tank forward and peaks, &c., after taking about 
six months on the stocks to build, can be tested on the floating dock in a little over a fortnight. This, 
I think, speaks for itself. 

This is a subject we cannot know too much about and frank discussion of it is the best way to 
improve our knowledge and thus assist the builders in obtaining good results. I therefore wish to 
congratulate Mr. Macdonald on his paper and in his choice of subject. 


REPLY BY THE AUTHOR. 


It was with some diffidence that I submitted a paper confined to a description of the methods of 
building oil tankers, as I was doubtful of its usefulness. The response to the discussion has, however, 
removed all dubiety in this respect, as the description of alternative methods adopted in the United 
Kingdom and other countries has undoubtedly added to our common stock of knowledge of the subject. 

I have not considered it necessary to comment upon all the alternative methods, and I have only 
replied where it was obvious that, my remarks were desired. 

In reply to the President’s remarks it is not our experience to find that holes punched a size smaller 
in the first instance are carelessly punched, when they are to be rimered out after the parts have been faired. 

When the various members have been correctly fitted together some rivet holes may not be fair, and 
if it is found that the rimer will not go through at right angles to the surface, a smaller sized rimer is 
used in the first instance, and the hole is finished off with one of full size. 

Regarding re-countersinking, I would refer Mr. Thomson to page 14, paragraph 6 of my paper. 

All angles (vertical and horizontal) and all butt and edge laps on the face side of an oiltight surface 
are caulked. The boundary angles are caulked on both sides of the bulkhead, also the longitudinal 
stiffeners on the lower centre line bulkhead plate in the length of the bracket situated on the other side 
which is in way of the treble riveted overlap—four-ply work—page 8, paragraph 14 and Fig. 4. The 
expansion trank, if carried above the upper deck should have the longitudinal deck connection angle 
caulked on both toes and the heel. If the heel is not caulked it will be found when the summer tanks 
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are filled and tested that some of the rivets in the standing flange of the deck angle may leak through the 
pan heads into the expansion trunk. If the standing flange is riveted to the trunk side with countersunk 
heads and points, it is not necessary to caulk the heel of this angle. 

The cruciform shown on Figs. 8 and 9 is considered preferable. The modification on Fig. 6 is 
similar, but more riveting and caulking is required. The advantages of cruciforms are that they can be 
hydraulically riveted at the skids and the horizontal stiffeners of the longitudinal and transverse bulkheads 
can be similarly riveted, thus securing most efficient watertight work. 

Regarding the parts in which rivets with countersunk heads and points should be used, it is 
suggested, that in general, where leakage is possible at the uncaulked heel of an angle, thus causing 
possible leakage through the rivet heads, these rivets should have countersunk heads and points, e.g., when 
the expansion trunk extends above the upper deck the angle connection should have rivets fitted with 
countersunk heads and points. The gunwale angles above the summer tanks should be similarly riveted, 
also all corner angles. 


. Mr. Thomson states, in reference to the depth of countersink required in plates to suit the heads of 
rivets, “it appears that the practice followed is to countersink the plates to the exact depth of the head,” 
but this is not quite accurate. Sketches 14, 15, 17, and 18, show the depth of countersink in the plate 
th in. less than that of the head. 

The depth of countersink in a plate is required rather greater for the point of the rivet than for the 
head, as the manufactured head is easily driven up. The point requires to be gradually staved up, thus 
making the deeper countersink necessary. 

My remarks in the third paragraph of page 1, regarding the importance of completing the ends, 
seem to be confirmed when Mr. Akester states that the ship he had in mind was nearing completion 
amidships and the after end framing was not even erected. Possibly there were special circumstances 
which delayed the ordering and completion of shaft brackets, &c., in this case, otherwise there would not 
have been a finished midship body waiting to have its complicated ends erected and faired. 


With the appliances now available, particularly the hydraulic riveting plant used in the Tyne yards. 
it is found that the expedients adopted prior to the initial testing are of a permanent nature and little 
leakage takes place after the vessel is put into service. 

It is thought that improved end connections of the longitudinals to the bulkheads, the increased 
riveting at the ends of the longitudinals, and a fuller realisation of the necessity for a very high standard 
of workmanship, have all contributed towards the better results now obtained. 

Mr. Bartlett’s remarks on tank testing should have careful consideration, and I would refer him to 
the scale of test heads given by Mr. Townshend. 

Electric welding is not carried out here to any great extent; it is only used for building up small 
places which are imperfect, due to error on the part of the workmen, such as mispunched rivet holes and 
in inaccessible corners which cannot be easily caulked, also bilge keel tee bars as described on page 14, 
paragraph 2, the deck flanges of hatchway corner angles, and non-structural fittings about the ship. 

There is no insuperable difficulty in necking drilled holes and, provided proper tools be used, the 
work can be done satisfactorily. 

In connection with all loft templating work there is, at least, one difficulty, viz., the extension of 
frames when being punched. As this is not uniform, perfect correction cannot be made. 

In reply to Mr. Blocksidge the places where leakage is likely to occur have been indicated in general 
in my paper, and on the sketches. See also my reply to the President Mr. Thomson. 


There are many protective varnishes, &c., which have been applied to minimise corrosion, but a 
superintendent of a large oil company stated lately that nothing has yet been found which will stand the 
test of time. Portland cement laid over the entire bottom plating has proved efficient in some vessels. 
It is not usual to find slack rivets in the connections after a ship is launched and the machinery installed. 

The practice of fitting back bars to longitudinals on each side of the transverse bulkheads when the 
vessel exceeds 400 ft. in length, may have originated from early experience in building longitudinal oil 
carriers, when it was found that it was necessary to fit an additional angle to obtain the requisite rivet 
connection. 

Referring to the paragraph on page 17 of my paper on tank testing, I am of the opinion that very 
slight deflection of the bulkheads took place and I might add that there was no question of an air lock. 
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Regarding Mr. Butler’s and Mr. Colling’s remarks, I might state that the canvas fitted on the 
stiffener side of the bulkhead is no thicker than paper and after extensive experience by some builders 
its use has been justified. 

Thin canvas jointing used on the stiffener side of the bulkhead is preferred here and it is considered 
quite consistent with good workmanship. For the same reason a single strand of spunyarn is fitted ; this 
stopper is so fine that it is possible to close the work in a most efficient manner. 

Regarding the avoidance of three-ply riveting in bulkhead connections of brackets at the ends of 
longitudinals, it is suggested to Mr. Craig that the angles on each side of the bulkhead might be fitted 
with their vertical flanges in a straight line, i.c. the heels of the angles overlapping each other to the 
extent of the thickness of their flanges, thus giving a direct pull on the brackets. Nevertheless the 
arrangement with the angles fitted back to back is generally quite satisfactory. 

Fitting bulkhead plates about ,%; short of the heels of the boundary angles and filling the cavity 
with Vulcan cement appears to be common practice in many shipbuilding centres and provided the 
workmanship is good this method has given satisfactory results, 

[ quite agree with Mr. Dobson that good, clean punched holes are quite satisfactory if this work is 
accurately done, but the punching or drilling of the holes a size smaller in the cruciform plate connection 
to the centre line bulkhead is preferable. 

It is our experience that the cleaning out of any small particles of steel after rimering or drilling is 
satisfactorily carried out. 

The bulkhead liner is fitted in two pieces, as perfect joggling and fitting are almost impossible, 
Fig. 10a. 

; As regards the floors and longitudinal girders under Diesel engines, the practice of fitting this 
plating proud and afterwards dressing it flush with the heel of the angle connections to the shell is carried 
out by a few builders and owners, but in general it is considered unnecessary. 

The lap “D” indicated on Fig. 12 is considered to be in the most desirable position, and more 
hydraulic riveting can be carried out at the skids than with the lap placed vertically in line with the 
face bar. 

The builders who fit one 6 ins. x 6 ins. double riveted angle as a bulkhead boundary bar find no 
difficulty in closing this work at the bilge, as the angle can with care be bent and the heel set down on 
the blocks quite correctly. 

A drill of full size will not pass through a hole in two or more plates fitted together when the hole 
is rather more than slightly unfair. The smaller sized drill used in the first instance is an improvement. 

The paper on the caulked side, Fig. F, is preferable, as the surfaces of the plate and angle may be 
imperfect. 

: The stoppers across the bulkhead boundary angles of the bulkhead, Fig. J are considered advisable. 

In Fig. 1 the stopper is quite effective in either position, viz. :—as indicated on the sketch or as 
suggested by Mr. Dobson, inside the line of the toe of the centre line bulkhead bottom angle. 

In reply to Mr. Dunsmuir I agree that transverse framing at the ends of the vessel beyond cargo 
tanks simplifies construction, and particularly at the after end. 

Regarding the criticism of the cruciform, Figs. 6 and 9, little trouble has been found in the vertical 
overlap after the ship has been in service. Fig. 7 is, in my opinion, not quite satisfactory, and this con- 
struction is dependent on hand or pneumatic riveting at the four corners. I cannot agree with the 
suggestion that only one rivet at a time should be inserted on bulkhead work when hydraulic riveting is 
being carried out, and, in practice, three or four rivets inserted at once give a satisfactory job in straight 
work where the machine is easily moved ; also surveyors would find a difficulty in getting work carried 
out consistently, one rivet each time. 

It is my experience that after a vessel has been faired up there is a considerable amount of drilling 
required to ensure a good job. The additional labour is justified by the class of work produced. 

Regarding caulking, both hand and pneumatic can be done properly, but pneumatic caulking is 

referable. 
f I am also in agreement with Mr. Dunsmuir that the position of the butt of the lower continuous 
centre line bulkhead plate, as shown on Fig. 5, is an improvement on that of Fig. 4; nevertheless, Fig. 4 
arrangement can be quite efficiently carried out, but it involves extra labour. 

The remarks relating to the lower landing edge of the transverse bulkhead, Fig. 10, are correct, and 
this alteration might be made with advantage. 


The bottom horizontal line in Fig. 1 should be shown dotted, and Tam glad that Mr. Edgar has 
drawn my attention to this. 

The method of fitting the keel overlap, Fig. 2, is only an emergency arrangement when scarphing 
machines are not available. 

Fitting the countersunk head of the rivet into the countersunk plate and forming a head on the 
other side is described by Mr. Collings as carried out in some of the Wear Yards, but this is not done on 
the Tyne. 

Regarding the joggling of bulkhead boundary bars, I have to state that Fig. 104 shows the method 
adopted when joggling is necessary. 

Trouble is seldom experienced in closing large bottom longitudinals hard down on the shell. If any 
special steps require to be taken, the longitudinals are locally heated and hammered into position. 

Fig. 8 is a misprint, and should be Fig. 5, page 11, in 4th paragraph from the bottom. 

I would refer Mr. Inglis to Mr. Bartlett’s remarks on tank testing. 

No difficulty is experienced in hydraulically riveting the new British Standard Section of bulb angle 
when suitably cranked dies are used. 

The cruciform has much in its favour, and it is not agreed that work can be erected quicker by the 
continuous centre line bulkhead method. 


It is not found necessary to have a continuous angle screwed to the transverses for fairing the inter- 
coastal connection angles, lugs fitted over the notches, as shown on Fig. 12, are quite satisfactory. 


Mr. Murray is correct in saying that a practice should not be made of driving a 3 in. thick necked 
rivet in a drilled hole. This appears to be seldom done, and it requires careful heating and workmanship, 

Some builders consider it quite unnecessary to fit the shell connection angles of the transverses 
complete, and afterwards to burn the parts off in way of the notches for the longitudinals. They prefer 
to mark the rivet holes from a template on continuous lengths of angles, and cut these at the angle shears 
as necessary before fitting to the plates. 


When notching punches are not available, the radius portion of the notch should be done in one 
operation by a punch of the right size. Notches made by burning should have the edges cleaned by 
ole dressing, otherwise the slag is just as inimical to good workmanship as the burr left by an angle 
cutter. 

A cruciform of rolled section would simplify construction ; unfortunately such a large section is not 
obtainable. 

Answering Dr. Pickworth, I would state that the thickness of paper, canvas and spunyarn stoppers is 
reduced to a minimum here. I should like to make it clear that the spunyarn referred to in my description 
is composed of three strands. A single strand is teased out, laid across the angle, or between the landing 
edge of two plates, and the thickness is such that after the riveting is complete it is impossible to have 
further compression taking place during tank testing. 

The new form of stopper on which successful experiments have been carried out at Sunderland, 
appears to be a decided improvement, and no doubt its introduction for general use will soon take place. 

I can only endorse everything that Mr. Shaw has said regarding shots in relation to quality of 
workmanship. His experience in fitting a double-riveted single bulkhead boundary angle should be 
noted, and it is suggested that shipbuilders might have this method put before them for their 
consideration. 

The importance of checking long battens periodically cannot be too much stressed, and occasional 
inaccuracy would be avoided thereby. 

Regarding countersink of holes for rivet heads, Mr. Shaw has explained very concisely the 
conditions under which this work should be completed. 


It is suggested that punching full size all the holes in the tee bars and cruciform plate might lead 
to some inaccuracy, as these bars do not stretch uniformly when being punched and riveted. The 
increase in size of the tee bar connections as suggested by Mr. Shute would be an improvement. 


Doubtless, with perfect workmanship, it would be unnecessary to punch one hole only in the 
support lugs for the side longitudinals; unfortunately slight error can arise in the various stages of 
preparation. With good plant it is found that the extra drilling is not costly and the one hole method 
is preferred. 
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Mr. Thomson’s contribution from Glasgow is very welcome, but I would have preferred something 
more definite than the general statement that “stoppers are reduced to a minimum in that district, 
consistent with efficiency,” which is too vague to be of any value for future guidance. 

In the same paragraph it is stated that ‘in general the fitting of spunyarn stoppers between oiltight 
surfaces is highly objectionable,” and finishes by saying that they should only be permitted where 
experience has shown them to be absolutely necessary. These statements are not quite in agreement, as 
anything that is absolutely necessary can hardly be highly objectionable. 

Mr. Thomson then goes on to quote in the next four or five paragraphs the various places where 
stoppers are fitted which approximates to the general practice as carried out here, and has been justified 
by the results obtained. 

The material used for injections is Vulcan cement mixed with boiled linseed oil and a small quantity 
of gold size. 

With reference to Mr. Thomson’s remarks on my two statements, page 17, paragraphs 1 and 2, I 
have to say that paragraph 1 refers to horizontal stiffeners riveted with pan headed rivets, As it is very 
unsatisfactory to attempt caulking or touching up the pan heads of slightly leaky rivets, it is thought 
better to have their points caulked after the compartment has been drained out; in some cases an 
injection may even have to be fitted during the back test, and reference was made to this in 
paragraph 2. 

When the countersunk points (or heads) of leaky rivets require to be dealt with it is considered that 
they can be more efficiently dollied with a machine chia set up by hand. 

I would refer Mr. Thomson to page 6, paragraph 4, regarding the spacing of service bolts, and it is 
agreed that.a few places about the ship require closer spacing. 

No difficulty is experienced in the riveting of the upper deck stringer angles in large tankers in way 
of the shut bevel, as a bevelled tool is used to finish the rivet when done by pneumatic machine, thus 
enabling the inner row of rivets to be properly “set in” on the edge of the holes near the bosom of the 
bar. With hand riveting these rivets are set in by a special sett hammer. 

The practice here is to scarph the centre line bulkhead lower plate at the overlap, Figs. 8 and 9, 
where the keel angles cross the butt. 

With regard to Mr. 8. Townsend’s question of fitting middle line bulkheads continuous through 
the transverse bulkheads, I might state that the cruciforms shown on Figs. 4, 5, 6, 8 and 9 have given 
highly satisfactory results, and no more trouble has been experienced than with other systems. 

It is interesting to know that less material is necessary in ships built on the transverse system with 
two continuous longitudinal bulkheads, but in this district no deficiency in strength is now found in the 
end connections of longitudinal members to the transverse bulkheads in ships built on the longitudinal 
system. Possibly the hydraulic riveting of the angle connections to the transverse bulkheads has been an 
improvement. 

Respecting the end connections of longitudinals to the bulkheads, it is thought that the tee bar, 
whilst obviating the eccentricity of pull which occurs in the ordinary angle, has no other redeeming 
feature to commend it than greater efficiency being obtained in the bulkhead connection only, and the 
single vertical angle connection has done its work satisfactorily since its extension to six inches beyond the 
toe of the brackets to the bulkheads. 

Tee bars are more expensive to fit than single angles. 

Regarding joggling of bulkhead boundary bars close to the overlap of plates, the fitting of a small 
steel strip of triangular section is a satisfactory arrangement, provided the ends are electrically welded in 
position, but some builders here still prefer the arrangement shown on Fig. 104, page 6. 

Mr. Townshend’s statement respecting the omission in way of seams of vertical angles connecting 
webs to bulkheads is instructive and should be very helpful in workmanship. It is suggested that these 
connection angles should not have less than a four rivet connection. A double angle could be fitted near 
the ends of the webs to obtain the additional riveting required. 

The arrangement where the expansion trunk is carried above the upper deck is quite ordinary. It 
is necessary to caulk the deck connection angle at both toes and the heel, as the upper deck plating along- 
side the expansion trunk is cut about 4 in. short of the vertical plating, and when the summer tanks are 
filled and tested, water can otherwise get through the standing flange into the expansion trunk if the rivets 
in this flange have not perfectly fitted pan heads. Fitting rivets with countersunk heads and points in 
the standing flange instead of caulking the heel of the deck connection angle also meets the case, 


35 


The arrangements in way of the engine seating described in page 11 apply only if motor engines 
are fitted. 

The lightening holes shown on Fig. 12 in the bottom transverses are considered quite satisfactory. 
The neutral axis being about the centre of the holes, the moment of inertia of a section through this 
transverse is unimpaired when compared with that at the position of the longitudinal. Should 
Mr. ‘Townshend’s suggestion of raising these holes be adopted, the minimum stiffness or strength of the 
transverse would be reduced and would not occur at the section in way of the longitudinal, but between 
the longitudinals. No cracking has been experienced as mentioned, nevertheless it is advisable to omit 
the lightening holes near the toes of the end brackets. 

I would suggest extending Mr. Townshend’s last paragraph to read :—“ A test head of eight feet be 
applied to oil fuel bunkers, or a head sufficient to give the maximum pressure which can be experienced 
in practice.” 

Mr. Bennett’s comparison of methods and his description of the templating work carried out in New 
York, are similar to those in Trieste, where skilled labour is scarce. It is thought that the solid templates 
so extensively used must be costly, and it is only labour conditions which could justify it. 

The cruciform construction carried out here is favoured, as each cruciform can be almost completely 
hydraulic riveted at the skids, this form of riveting being superior to pneumatic. At the same time, | 
might state that the cruciform lends itself to extensive hydraulic riveting of the transverse and centre 
line bulkheads. 

Regarding the statement that no riveting should be done on inside connections until the shell has 
been completely riveted, this does not hold good in conjunction with the Tyne system. 

It would appear that my statement respecting paper jointing has not been quite understood, as no 
jointing is fitted between the bulkhead boundary angles and the shell. 

The joggling of bulkhead frames at the landing edge is not considered an efficient job, as the 
“canlked dutchman” is apt to get blown out under pressure. 

The maximum distance between the lowest horizontal stiffener and the upper edge of the bottom 
bracket is 12 ins., in accordance with my information. 

Cutting the bulkhead web attachment angles at seams is an advantage, as it eliminates three-ply work. 

In the case of engine seatings, [ cannot understand why the bottom of the girder cannot be fitted 
protruding, and dressed off in the same manner as the top, thus saving the unnecessary expense of 
building up by electric welding. 

The cutting of the bilge keel T bars at the cross over of the shell overlap is also common practice here. 

The discrepancies mentioned in connection with multiple drilling have not been experienced here. 

With regard to injection holes fitted before testing, the spacing given by me is not considered too 
close. It is found at the test that extra holes are seldom required and, in practice, the procedure is quite 
satisfactory. Unfortunately Mr. Bennett has not stated how many injections are usually required in 
association with lampwick stoppers during the testing of the tanks. 

Mr. Constantini’s remarks have been read with great interest, as it is well known that the system of 
preparing and punching material from loft templates is carried out almost throughout the ship in the 
Trieste district, and is suitable for the labour conditions existing there. 

The large number of highly skilled men required in the moulding loft to carry out their work with 
almost perfect accuracy must involve considerable cost. 

The system in operation in the Trieste district would not cheapen the labour costs here, as the same 
ratio of skilled men would have to be employed to carry out the various operations and an additional cost 
would be entailed by employing more skilled men in the loft. In my opinion, it is not that the system 
in the Trieste district is cheaper, but that the wages paid are less. 

Regarding cruciforms, we have not experienced any trouble in service when the work was properly 
done in the first instance. 

It is agreed that the lugs attaching the longitudinals to the transverses require to be set slightly off 
the square, and this practice is adopted here. 

Respecting the stoppage caused by setting the template to the offsets for the longitudinals, described 
in page 10, it is found here that there is no wastage of time as the labourers are removing the complete 
longitudinal during the time the plater and one man are setting the template. 
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In reply to Mr. Hjernqvist the method of fitting a three cornered filling piece into the short joggled 
bulkhead boundary bar is not considered a good job here, as it is only held in position by the caulking at 
its ends. This was given up years ago, having been found very unsatisfactory. If both ends of the 
filling piece were electric welded it is thought the arrangement would be much improved. 

With flat headed rivets rolled up, as in Fig. 15, good results are obtained in practice. 

When injections are not previously made, water may get between imperfect edges of overlaps, &c., 
when the test is being carried out. In these circumstances, the water is locked there, and it does not 
permit complete closure by an injection afterwards. 

Mr. Johnson advocates a limited amount of shell plating being prepared from loft templates, and 
suggests further that all shell plates crossing transverses and bulkheads should be lifted from the ship. 
This suggestion will not find fayour, as templating is successfully carried out in a number of ship- 
building centres. 

It is understood that little trouble has been experienced in the cruciform double riveted connection 
to the longitudinal bulkhead plating, and, with good workmanship, there is no reason why it should be 
a source of weakness. 

It is not known if the requirement of a shipowning firm that the bulkhead plating should be flush 
with the boundary angles is due to their experience. The common practice of cutting the plates 
jth in. short is found quite satisfactory. 

After many years tanker practice shipbuilders here have found that the method of jointing stated 
on page 15 has been quite satisfactory under all conditions of cargo. 

Rolling up the heads of countersunk rivets is probably a refinement rather than a necessity, and I 
do not suggest that the practice should be insisted on, it is only done with hand tools, not hand 
pneumatic, page 15, paragraph 1. 

The method of “laying off” in the Tyne district was given briefly in the paper with a view to 
eliciting replies from other districts and countries, and the contribution of Mr. Leeuwenburg has added 
materially to our knowledge in this respect. 

Regarding the punching of rivet holes in way of the scarphed part of an end lap, &c., it is good 
practice to leave the two end holes unpunched and to have them drilled after the plate is in position. 

It is not our experience here to find that the depth of countersink for the head should be greater 
than stated in the Rules; on the contrary it is found that the depths shown in Figs. 18, 14, 15, 17 and 18 
are quite satisfactory, and it is not found that injection holes (as described on page 16) in transverse 
bulkhead boundary angles lead to carelessness. If the standard of efficiency were affected there would be 
no uniformity in the work carried out throughout the ship. 

No trouble is experienced here during the back test in the single angle bracket connections as now 
fitted to bulkheads. 

Regarding Mr. Ormiston’s remarks, the practice of scarphing end laps, Figs. 1 and 3, is general and 
when well executed is quite in order. It is common practice to plane the edges of deck plating as well as 
shell plating. 

‘he rivets in the vertical web connection angles to the centre line bulkhead have countersunk heads, 
as these connections occasionally gave trouble and it was found that with the countersunk rivet head some 
“touching up” could be done more effectively if required. 

It is not necessary to caulk the edge of the vertical overlap near the toes of the flanges of the bulk- 
head boundary angles, Figs. 4, 6, 8 and 9. These overlaps are caulked on one edge only in the same 
manner as any other shell or deck overlap. 

Respecting sub-punching of rivet holes, ey. in cruciforms, page 6, paragraphs 2 and 3, full sized 
holes are not favoured in some yards. 

Joggled bulkhead boundary angles are quite satisfactory if the work is properly carried out and 
packing pieces are fitted as in Fig. 10a. 

It is advisable when holes are punched beforehand for erection purposes, to have them full size. 

The upper edges of the engine seating girders and floor plates are left full and dressed off flush with 
their connection angles to take shear stress from the rivets and the quality of the riveting is required to 
be of the highest standard in addition to the foregoing precaution. 

No special support is found necessary when the ends of the vessel are completed concurrently with 
the testing of the cargo oil tanks. 

Oiled paper has been found efficient under all conditions of cargo. 
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Mr, Webster’s statement that many ships are built in Gothenburg without a single injection is 
surprising, and it has been found after many years tanker experience on the Tyne that injection holes 
are necessary to correct slight irregularities. Possibly the elimination of injections is due to the more 
extensive use of electric welding. 

The arrangement suggested of 9 ins. x Gins. angles in lieu of 9 ins. x 3} ins. angles or tee bars for 
cruciforms, Figs. 6 and 9, might be quite satisfactory but there would be some difficulty in obtaining the 
section. 

Regarding the joggling of bulkhead boundary angles right up to the edge of the plate, it has been 
found after considerable experience to be unsatisfactory. Possibly it will be all right if the triangular 
packing piece is electric welded in position. With thin bulkhead plating it is not agreed that an 
ordinary wedge extending about 2 ins. into the aperture without any welding is a satisfactory job. 
Fig. 10 shows the joggling of the bulkhead boundary angles inaccurately, as packing pieces with two 
rivets are always fitted. 

The angle of the countersink of the flat headed rivet should be less than that of the hole; on no 
account should it be a neat fit, and the finished head should project above the surface of the plate as in 
Figs. 14, 15, 17 and 1%. 

I do not agree that inferior workmanship is prevalent to any great extent when proper supervision is 
exercised, and the remarks on injections are as stated above. The severity of the caulking is the criterion 
when a rivet should be renewed. 

The large number of injection holes in the double bottom tank division mentioned by Mr. Webster 
indicates bad workmanship, and refitting and re-riveting of the boundary angles would be advisable in 
such a case. 

The testing of tanks in a 470 ft. ship in a little over a fortnight is good work, but in my opinion has 
no connection with the absence of packing and injections. It is a very rare occurrence to have a second 
test on any oil compartment, and the speed with which the operation of testing is conducted is, to a great 
extent, dependent on the facilities for transferring the water from one compartment to another. 

A parallel case is the testing of a vessel in dry dock at the respective Special Surveys, and this can 
readily be done in the time stated, when the transference of water is accomplished by the aid of the 
pump on the ship anda 10in. pipe line ashore; even in the these circumstances I should expect two 
surveyors would be necessary to do the work in the time stated. 

In conclusion, I wish to thank all my colleagues who have favoured us with their criticism and 
suggestions, and thereby given food for thought and, incidentally, a more complete record than has 
hitherto existed of the variations in practice to produce oil carrying steamers of the highest workmanship 
possible and with the greatest expedition. 


RECENT DEVELOPMENTS IN MARINE 
ENGINEERING IN GERMANY. 


BYor.05 M, WILE: 


ReaD 10TH DECEMBER, 1930. 


In a paper read at the beginning of this year dealing with the present position of the German 
mercantile marine in the world’s shipping competition, Mr. Béger, one of the leading Directors of the 
Hamburg-America Line pointed out that the burdens imposed by the State and by local 
authorities on the shipowner had increased enormously and that the overall expenses as compared 
with pre-war times had reached 160 per cent. while the freight rates had sunk to the lowest level ever 
known. That, under these severe conditions, German owners have been able to compete up till now with 
foreign owners and to fight against the preferential position given to competitors by State subsidies is due 
to the fact that the men responsible for design and management have had the courage to adopt as far as 
possible all the latest improvements and developments in Marine Engineering in their ships. This 
statement coming from a person so competent to judge is a remarkable recognition of the supreme 
importance of engineering to shipping and a splendid acknowledgement of its developments ; develop- 
ments arrived at by exhaustive and thorough investigation of engineering problems, by progress in 
metallurgy, by the scientific use of modern materials and, last but not least, by the embodying in new 
designs of amendments suggested by past experience. The essential results of these improvements are 
better fuel economy and reduction in space and weight, full consideration being of course given to the 
reliability and durability of the structures. Better fuel economy again results in space reduction. These 
three factors have enabled the shipbuilder to make fundamental alterations in his latest designs. The 
more the weights of machinery, fuel and hull can be reduced, the greater is the saving on the weight of 
the whole ship, and this saving results in an easier and cheaper drive of the ship through the water ; or 
alternatively a ship for agiven loading capacity can be designed with finer lines, and consequently more 
speed at the same power can be arrived at. Striking examples in this direction are the “ Bremen” and 
“Europa.” Their weights as compared with ships of the “ Berengaria” class are considerably lower. 
Perhaps the most outstanding recent cases are the four ships of the “ Albert Ballin” class of the 
Hamburg-America Line. These ships have been converted in order to increase their speed by about 
from 3 to 3°5 knots, i.e., from 16 to 19°5 knots, and more than twice their original power (13,000 B.H.P.) 
has been installed in nearly the same space, including bunkers of increased size. 


With regard to the type of propelling machinery to be adopted it can be stated that each case is 
decided upon its own merits. For instance : besides the higher initial cost of a Diesel driven cargo boat 
of about 4,000 B.H.P. on a long voyage the expenses for fuel plus lubricating oil are considerably higher 
than those of an identical ship with geared turbine drive, but with regard to weight including fuel the 
conditions are much better for Diesel ships as a great surplus results in respect of the cargo carrying 
capacity. Therefore, in the trade to the West Coast of America, to Australia and to the Far East, in 
other words, for long voyages where no intermediate ports of call exist and on routes where oil can be 
obtained at a very low price, at present the fast Diesel motor ship, the latest types of which are single 
screw with 2 8.C.DA engines, is predominant. With passenger ships, however, of large dimensions 
where no such need exists for the carriage of additional cargo, as in the ships referred to above, the geared 
turbine system is preferred. Recent high speed passenger ships in the North Atlantic trade are fitted 
with geared turbines, high pressure water tube boilers and Diesel electric driven auxiliaries. Ships in the 


_ 


2 


North Sea and Baltic trade for comparatively small distances are driven by steam reciprocating engines, 
preferably of the poppet valve type such as the “Lentz” standard design. Superheat is so well 
introduced in Germany that even the smallest trawler is now-a-days fitted with this type of fuel saver. 


As already pointed out, saving of fuel and reduction in space and weight are deciding factors and 
without entering now into greater detail the results of the improvements and developments effected may 
be briefly recorded as follows :— 


FUEL CONSUMPTION 


PER B.H.P. 
TYPE OF ENGINES. WEIGHT PER B.H.P. ae REMARKS. 
Oil. Coal. 
28.C.DA M.A.N. 
Diesel Engines. 53 kg. 0°164 kg. - Recip. Scay. Pump 
Auxiliaries excl. 
40 kg. per 1 H.P. 
Reciprocating 130 kg. including Tan “Xs 
Engines Condenser, Pumps and = 0°475 kg. Coal of 7,500 Cal 
(Lentz type). Boiler, but without ; r 
Straight Shafting. 
Geared Turbines F 
with 72 kg. 0302 kg. | — sae on 
Water Tube Boilers. F 


Extremely low weights such as 22 kg. per B.H.P. (including shafting) for geared 2 8.C.DA engines 
of special light design for a German cruiser now being built, and 9 ke. per B.H.P. (without shafting) as 
obtained with the ‘“ Wagner” turbine with D.R. gearing and high pressure boilers, fitted in a small 
customs craft are for the time being not applicable for machinery installations in ships of the mercantile 
marine. 

It is evident that the rapid development in fuel economy has rendered existing ships relatively 
inefficient, but even in these, an increase in overall efficiency can be obtained by the fitting of the well- 
known Bauer-Wach system with which a saving of fuel of about 20 to 25 per cent. has been recorded. 


Another method of increasing their efficiency, is by the introduction of the “ Simplex” system or in 
other words by the “ Lentzifying ” of the old machinery. 


A very interesting innovation in marine installations has been developed by Messrs. Deutsche Werft 
in conjunction with Messrs. Lindholmen-Motala Shipbuilding Co. and Messrs. Salge, the representatives 
of the “ Lentz” engine. The system consists in the replacing of the original H.P. cylinder by one of the 
‘Lentz’ type with poppet valve steam distribution and the installation of a special type of stage feed 
water heater—taking heating steam from the H.P. cylinder. With this conversion, fuel saving of about 
15-20 per cent. has been made in Germany, but still better figures have been recorded in Sweden. 


The percentage reduction of fuel consumption in both cases of course depends on the condition of 
the old machinery, viz., an old installation of originally good performance will naturally show a lower 
percentage of fuel saved than one of originally poor performance. 
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With regard to fuel consumption in Diesel engines, we are approaching the theoretical limit, but with 
steam machinery the possibility of better economy is not by any means exhausted. The advance in 
steam pressure, superheat, better condenser practice, bleeding steam, improvements of feed water and air 
heaters, the introduction of pulverised coal and mechanical stokers, CO,—water—and steam recorders for 
better economical supervision have reduced the fuel consumption and consequently the running costs 
considerably, and it must be admitted that engineering science in this direction has made a very great 
stride forward in recent years. Partisans of the steam drive foresee a revival of the steam age and the 
Diesel engine superseded. Still higher boiler pressures and superheat in conjunction with pulverised 
coal promise to gain the palm in economy. 

Undoubtedly in this direction the most outstanding features are: the attempts in Germany to apply 
extra high pressure steam in marine engineering and the development of extra high pressure marine 
boilers such as the Schmidt, Léffler and Benson types with their appliances. With regard to the Benson 
boiler, in the year 1928 Eule investigated four cases of a 18,000 B.H.P. installation (late installation of 
the “ Albert Ballin” class) and arrived at an oil fuel consumption of 0°268 kg per B.H.P. per hour in 
the most unfavourable and at 0°234 kg. per B.H.P. in the best case, including all auxiliaries. Both 
figures refer to an oil of 10.000 Cal. This is an attractive figure as compared with the consumption of 
0°2803 kg. per B.H.P. hour with an oil of 10°555 Cal., on the s.s. “Statendam” which, as regards fuel 
consumption is, so far as the author’s information goes, the best ship afloat. Recent investigations of 
Griiber with a Léffler boiler of 180 kg. working pressure and 450° C. superheat show an overall 
efficiency of 25 per cent. in a 7,000 B.H.P. installation. This is with regard to thermal efficiency still far 
below the marine Diesel installation which converts 35 per cent. of the fuel energy into mechanical work. 
In both cases very important reduction in weight (about 35 per cent. and more) and space (about 6 frame 
spaces in length) are obtained. However, it is not the thermal efficiency but the actual overall economy 
which affects the balance sheet of the Owner. 

High pressure boilers of the Léffler and Benson type, furthermore offer splendid possibilities for the 
introduction and the most efficient burning of pulverised coal, that is to say, fuel of low grade and conse- 
quently low price. Their flexible coil systems allow a design in accordance with the best combustion 
experience, inasmuch as they can be arranged to form a combustion chamber (radiation chamber is a 
more correct term) of the best shape and dimensions, practically cleaded with heat absorbing surfaces of 
great dimensions. Another advantage is that the pulverised coal can be blown into the upper part of the 
combustion chamber and the bottom part can be arranged for easy removal of dirt, ash deposits and liquid 
slag—a great source of trouble experienced in cylindrical boilers. See Fig. 15. 

The objects of this paper are to draw attention to the developments of Marine Engineering in 
Germany, but, as the majority of recent improvements are moving on the same lines as in the U.K., and 
as nearly all have been published in extenso in the technical press, and are sufficiently well known to 
render a detailed description unnecessary here, only those of special interest will be recorded. 


DIESEL ENGINES. 


Since the beginning of the Diesel period German Engineers have favoured the 2 Stroke Cycle Diesel 
engine for main propelling purposes, as its design with regard to castings offers the advantage of more 
simplicity and consequently better resistance against heat and mechanical stresses. The general opinion 
was, and still is, that when severe conditions as regards weight and space have to be fulfilled, higher powers 
can only be attained by the adoption of this type of engine. ‘This, of course, is in ships a question of 
great importance, and as the requirements of space, weight and cost can be met best by this type, it is 
confidently assumed that this engine will finally supersede the other types as a main engine. 

With regard to size, no noteworthy advance has been made since the big 2 8.C.DA engine built by 
Messrs. Blohm & Voss, Hamburg, to the order of the Hamburg Electricity Works and especially intended 
for peakloads in their Neuhof Power station, has been put into service. This engine having 9 cylinders 
of 860 mm. bore, 1,500 mm. stroke and developing 15,000 B.H.P. at 94 revolutions per minute is still the 
largest in the world. and it must be recognised here that it has given full satisfaction to the owners and 
builders since its installation. To fit engines of such extreme dimensions in a ship with about 30,000 
B.H.P. and more will face the designer with difficulties very hard to overcome. The moving parts are 
enormous and parts such as bed plates, columns, etc., will necessitate such dimensions to give the 


4 


necessary rigidity and strength that their weight will be excessive. Heavy and well constructed seatings 
involving great expense, together with the difficulty of solving the accompanying vibration and noise 
problems will render it unprofitable to fit these engines on shipboard. The immense height is a great 
drawback as valuable space for passenger accommodation has to be sacrificed for the installation of such 
mammoth engines. All these factors have the effect of turning the problem in another direction, and 
as revolutions and piston speeds can be still increased, a satisfactory solution has been found in fast 
running engines geared singly or in sets by mechanical or hydromechanical gear to the propellers. The 
latest examples of this mode of drive are the twin screw ships ‘“‘ Milwaukee” built by Messrs. Blohm & 
Voss, and “St. Louis” built by Messrs. Bremer Vulkan to the order of the Hamburg-America Line, the 
former mechanically and the latter hydromechanically geared. Each ship has two 6-cylinder Diesel 
engines of the 2 8.C.DA type, running at 200-215 revolutions per minute and developing 12,200 B.H.P. 
These ships are striking examples of the saving of space which can be used for passenger decks ; their 
weights are considerably lower than engines of the same output with direct drive, and vibration is 
eliminated to a greater extent than it could be with engines of the above mentioned power station type. 
It is quite true that supercharging may increase the output of a 4 8.C. engine by 30-40 per cent. without 
any addition to the weight, but even these engines will still have a greater weight and the space occupied 
will be greater than in the case of the 2 8.C.DA type of engines with scavenging and exhaust ports and 
the usual mean pressures. 

Attempts to introduce solid injection of fuel had already been made in Germany by several firms, 
amongst others Kérting, before Vickers, in the year 1911, claimed a patent in Germany for the solid 
injection of fuel. By the omission of the compressor the power necessary for its drive is saved and greater 
thermal efficiency is obtained. Further, initial costs and weight can be kept lower, and the construction, 
service and overhauling conditions are simplified. To the advantages of the 2 S.C. engine with 
scavenging and exhaust ports there might, therefore, be added, by abolishing the camshaft the elimination 
of noise caused by its elements, such as rollers, links and push rods. All these considerations made the 
camshaftless engine desirable and led to the design of a 2 S.C.DA airless main engine as it was first 
developed in 1928 by Dr. Sass, of Messrs. A. E. G., Berlin, who read a detailed paper before the 
Institution of Marine Engineers two years ago. Last year Messrs. M. A. N., Augsburg, also followed 
with a 2 8.C.DA engine developed on the same lines. 

The solid injection of fuel in small Diesel engines had already reached a very satisfactory point and 
a considerable amount of valuable experience in this matter was already available when the construction 
of the 2 8.C.DA engine came under consideration, but it must be admitted that with 2 8.C.DA engines 
with more or less complicated scavenging processes especially in the bottom half of the cylinder the 
question of the introduction of oil is a very important one. Under load changes there are great difficulties 
to be overcome, to render the combustion a satisfactory one at any load. Messrs. A.E.G. and also 
Messrs. M.A.N. have made exhaustive experiments and investigations with regard to injection pressure, 
time of injection, power of penetration of fuel particles and their range in compressed air spaces, amount 
of oil to be pressed through the separate bores of the fuel atomising nozzle, the cone of atomised fuel to be 
adopted and the behaviour of the fuel pressure lines and pumps. Impurities in the oil which in the air 
blast distribution system are of no vital importance, necessitated in the 2 8.C.DA type, the development 
of mechanical fine-filters, and last, but not least, the most suitable type of fuel valve and fuel pressure 
pumps had to be found. 

To go into full detail is not within the province of this paper. These points are referred to in the 
above mentioned paper by Dr. Sass. As a matter of fact it can be stated that all these experiments and 
investigations were ultimately crowned with complete success. 

As it is of great importance, a few words on scavenging may not come amiss. A first class 
scavenging system is necessary for complete combustion, great mean indicated pressure, and for the speed 
of the engine. The systems adopted in Germany have been frequently described in the technical press 
and are generally known. ‘They are the common “cross” scavenging as in Sulzer and Deutsche Werke 
engines with ports at a steep angle to deflect the air towards the remote parts of the cylinder, the loop 
scavenging as in the M.A.N. and Krupp engines, the thread or swirling scavenging process as in the 
A.E.G. and the “end to end” as in the Junkers opposed piston engines. With good scavenging, mean 
pressures such as those of the 4 S.C. engines can be easily obtained with good exhaust. The better the 
scavenging system the smaller the quantity of scavenging air—in the best engines only 1°35 times the 
swept volume of the cylinder—and the smaller the power required for scavenging. 
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The type of the scavenging pump whether of the turbo or reciprocating system is decided by the 
conditions met with in the individual cases. With ships such as tankers and cargo boats of smaller and 
intermediate size with small auxiliary Diesel sets, reciprocating scavenging pumps driven at engine speeds 
by an additional crank are adopted. The initia! and running cost of this type of pumps having automatic 
valve are lower; but the maintainance cost, the weight, and the space occupied are greater than in the 
turbo type. Cargo boats of larger dimensions and passenger ships where economy in space and weight is 
more important, having auxiliary Diesel engines of greater output, are fitted with independent driven 
turbo blowers. The turbo blowers are very simple and have the advantage of continuous air supply to 
the Diesel engines, but are not very suitable for drive by any arrangement of gearing from the main 
rae Several types of gearing have been designed but adopted only in a few engines of smaller type in 
yermany. 


Fig. 1 shows a photo of the latest M.A.N. 28.C.DA compressorless engine with two reciprocating 
scavenging pumps driven by the forward end of the main crankshaft. This engine has 4 cylinders of 
600 mm. bore and 900 mm. stroke and develops 2,230 B.H.P. at 118 revolutions per minute. The fuel 
oil consumption is recorded to be 0°164 kgs. per B.H.P. The absence of the cam shaft with rollers and 
push rods gives the engine a remarkable appearance of simplicity and offers very good access to all 
component parts, such as covers, stuffing boxes, etc. The manoeuvring and reversing gear, fuel pumps 
and starting control gear are conveniently arranged on the manoeuvring platform. Fuel pumps and 
starting gear are connected to the spring loaded fuel and starting valves by means of strong pipes. The 
mechanism of the individual fuel pump rams has been timed according to the firing order. A great 
number of constructional parts such as cylinders, covers and liners, columns, valves, etc. are standardised. 


Four 8.C.8.A. engines are constructed in Germany by nearly all firms and have reached a noteworthy 
degree of performance, but with regard to their adoption by German owners for main propelling 
machinery, their field is limited to ships of smaller dimensions such as yachts, coasting vessels, river and 
ferry boats. Only two passenger boats now under construction are being fitted with this type of engine, 
but these are high speed engines and coupled to the propeller by means of 8.R. gear. Nearly all these 
engines are of the trunk piston type and have airless injection ; only in cases where specified by the 
owners for special reasons are they of the crosshead type and fitted with compressors. Piston cooling is 
effected by different means, either by oil or fresh water (in these cases, of course, intercoolers are fitted) 
or by sea water. 


Before proceeding, mention must be made of the Junkers airless opposed piston Diesel engines. 
This type of engine which is so well known that it does not require to be described in detail, has not been 
adopted in Germany for main propelling machinery since the installations on the m.y. “ Primus” and 
“ Arthur von Gwinner” were removed. Recently Messrs. Junkers have introduced 28.C. airless sets with 
cylinder diameters of from 60 mm. to 200 mm., revs. 1000 down to 300 p.m., developing from 8 to 
175 B.H.P. for propelling small craft and for driving auxiliary engines. As in the latest Doxford engines, 
for perfect balance the upper piston stroke is smaller than the lower piston stroke, and angle and form of 
the scavenging ports are such as to produce a swirling motion of the scavenging air; the centres of the 
middle and the two adjacent cranks, however, are set to an angle of 165° instead of the usual 180°. 
By this arrangement—which causes an earlier closing of the exhaust ports than of the scavenging ports 
when going ahead—supercharging is effected and mean indicated pressures of 7°15 kg./em*. and above 
are obtained. 


With auxiliary Diesel engines, however, the general opinion in Germany with regard to type is that 
the 48.C.SA engine is the most suitable, and nearly all ships including those fitted with Sulzer main 
engines, supplied by Messrs. Sulzer themselves, are equipped with this type of prime mover. Preferably 
and at present, without any exception, the compressorless engine of trunk piston type with non-cooled 
pistons up to diameters of 460 mm. rules the field. 


Supercharging was effected many years ago by Prof. Junkers by fitting a throttling device in the 
exhaust bend leading from the cylinder to the exhaust belt. This device, operated from the main shaft, 
closed the exhaust passage before the scavenging ports were fully covered in the cylinder, thus increasing 
the amount of air available for combustion. Supercharging, as used extensively throughout the world in 
nearly all types of 48.C. engines was first adopted in Germany in engines for ship propulsion on the 
proposal of Dr. Scholz, Manager of Messrs. Deutsche Werft, Hamburg, in a 6 cylinder B. & W.48.0.8A 
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engine built by Messrs. A. E. G., Berlin, in the year 1922. The author had the pleasure of inspecting 
the first engine so fitted, on the trial bed at Berlin and the first installations, viz., those of the 
mn.v. “ Tiradentes,” “ Tampa” and ‘“ Tortugas”? which were constructed under his survey. Supercharging 
however, is not used so widely in Germany as elsewhere ; a number of ships particularly those which have 
to speed up at times for special reasons are fitted with turbo supercharging arrangements. The latest 
have exhaust turbo blowers and the mean pressures in some of these with supercharging have been 
increased to over 10 kg./cm’. in M.A.N. 48.C.SA engines. 


Exhaust gas heating, however, is used in nearly all installations, whether of the 28.C. or 48.C. type. 
A considerable number of types of exhaust gas fired donkey boilers have been developed by different firms. 
A combined silencer, spark extinguisher and donkey boiler is shown in Figs. 2 & 3. 


In the latest tankers with twin-screw engines the waste gases are utilised to generate heat in specially 
designed donkey boilers and water heaters. All auxiliaries are steam driven and heating of accommodation 
rooms, etc. is accomplished by means of a hot water circulating system. 


At sea all auxiliary oil driven sets are eliminated and a noteworthy gain in fuel is obtained. 


In other ships, as for instance the “Cap Arcona,” the exhaust gases of the auxiliary Diesel engines 
are used to generate steam in a donkey boiler for heating purposes. 


The condensate of this heating steam is used as feed water in the main water-tube boilers. In ships 
of the ‘‘ Monte” class a fuel saving of about 16 per cent. has been recorded by waste heat arrangements. 


With regard to the constructional details there is already very much experience available. The 
simplest design is almost always the best, especially in those parts which are subjected to heat and 
mechanical stresses, and splendid work has been done in simplifying construction and shape. Good 
results have been obtained, but very often in the search after simplicity great difficulties are encountered. 
Cases are met with, where the best designs of the simpler form have failed, for instance in bottom 
cylinder covers of 2S.C.DA engines and covers of the 48.C.SA type where the penetration of the 
castings for different component parts, such as piston rods and valves, renders them too complicated for 
reliable control of heat and mechanical stresses. ‘The M.A.N. therefore made their 28.C. covers in two 
parts, and the A.E.G. developed the “soldered” type for the bottom covers of their.28.C.DA (Fig. 14) 
and for covers of 48.C. engines—the latter, as can be seen from Fig. 4, is made to meet cases of exist- 
ing engines—in order to avoid alterations in exhaust lines, &c. The soldering process is carried out in a 
special electric furnace continuously charged with hydrogen gas. 


The advantages of these “‘soldered” wrought iron covers are to be found in uniform wall thickness 
in all parts and in better stress resisting qualities of the wrought iron, As these covers were built up by 
welding together a great number of separate carefully machined paris, the manufacture was very expensive 
and new covers have been designed in which the top part is formed by a steel casting and the part sub- 
jected to heat by a wrought iron plate soldered in. ‘These covers compete very well as regards price with 
others of castiron, To resist the attack of seawater used for cooling, they can be covered with a thin 
protective layer of lead or cadmium. 


Cylinder liners made of special close grained cast iron give now-a-days good performance. Nearly all 
of those for the bottom sides of DA engines are designed to withdraw easily downwards without 
dismantling any further parts after the cylinder cover has been removed. 


In order to have the combustion space as far as possible in the cylinder cover, some firms have 
designed a built up cover of greater height. The advantages are obvious, as temperatures of the liner 
can be kept low and consequently lubricating, and also ring and liner wear is favourably influenced. 


As regards main engine pistons those of the forged or cast steel barrel type are preferred since 
excessive wear in ring recesses have been overcome by ‘“ wear” rings or the welding on of hard material 
to the lips. These pistons have the advantage of better heat resistance and they can be easily repaired if 
necessary. Messrs. Krupp have developed a piston for their high speed 48.C.SA engines, as shown in 
Fig. 12, and as can be seen there is an interchangeable plug, or “mushroom” of special material fitted in 
way of the crown of the cast iron piston. Pistons up to 460 mm. diameter are non-cooled, diameters 
above, of course, oil cooled. 
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Design and material of piston rods in double acting engines have received careful attention and 
since the radial holes for cooling water inlet and outlet have been superseded by another design, troubles 
such as have occurred in the “ Augustus” are almost eliminated. As to whether alloy or Siemens-Martin 
steel is to be used, I may say that it is now the tendency of German makers to fit rods of Siemens- 
Martin steel of 55-60 kg./mm?. tensile strength and 29-25 per cent. elongation, © content about 0°35 
to 04, as this material has proved quite satisfactory and furthermore is cheaper than alloy steel. 

Multi-part stuffing boxes with divided cast iron rings for easy removal without dismantling other 
parts have developed to such a degree that the difficulties met with some years ago are now very rare 
and abrasion is practically nil so long as efficient lubrication is maintained and combustion is perfect. 

Fuel pumps and fuel valves have reached a very high degree of performance. With 28.C.DA airless 
injection engines a separate fuel pump is arranged for each cylinder side; the cam-operated spring 
loaded rams are made of case-hardened steel, polished and working without packing. Great care has been 
taken to eliminate air bubbles, etc. and to regulate speed. 

Figs. 18 and 15 show fuel valves for 28.C.DA airless engines of the M.A.N. and A.E.G. type, the 
latter in two designs each having one needle valve in comparison with one of the latest designs which is 
without needle ; both M.A.N. valves are water cooled. 

Telescopic pipes for piston cooling are mostly arranged with a view to easy supervision outside the 
crank case. By this arrangement precaution is taken against any leakage from the telescopic pipe glands 
which could contaminate the lubricating oil. On the other hand in cases where fresh water is used, the 
mixing of lubricating oil with the circulating water which has proved sometimes to be very troublesome 
is avoided. 

In nearly all German built engines, strong tie bolts extending from lower edge of bed plate to upper 
edge of cylinders are arranged for, in order to relieve the castings from all tensile stresses due to 
compression and combustion. 

Special reference must be made to standardisation. To ensure the greatest possible interchangeability 
every part is manufactured to jigs and gauges in accordance with the German engineering standards. 
Standardisation is also applied to all component parts such as bed plates, columns, covers and working 
gear, the diameters of cylinders even with engines of different types, for instance 48.C., 25.C.SA and 
28.C.DA engines. 

At this juncture mention ought to be made of engine seatings, since these are of vital importance. 

To prevent any damage due to vibration of the Diesel engines, the bedplates require effective bolting 
to their seats and the seats again thorough attachments to the tank top. (treat care has to be exercised 
in riveting and accurate fitting, but even seatings constructed with the utmost precaution may fail and 
very often have failed. The severe and continuously acting stresses caused by vibration and “out of 
balance” forces very often render seatings a continuous source of trouble. Started rivets and loosened 
girders are frequently experienced, necessitating extensive repairs and delay of ships. Several German 
builders therefore arranged for their main engines to be constructed with deeper and consequently more 
rigid bed plates, these modified bed plates being bolted direct to the tank top. The thickness of tank top 
plating in way of bed plates has, of course, to be increased and strengthened by doubling plates. 
Furthermore the intercostals in the double bottom are arranged so as to be in direct line with the holding 
down bolts, a great number of which are fitted bolts. 

To prevent side movement strong side chocks are arranged in the majority of Diesel engine ships. 
With auxiliary Diesel engines there is at present a great tendency with German builders to substitute 
entirely electric welding for riveting and to carry the seats as far as possible into the structure of the hull. 
Several ships of the Hamburg-America Line which have welded seatings have given up to the present 
full satisfaction under long and severe working conditions. It will be understood that welded seatings 
with regard to their construction must be designed in quite a different way from riveted ones and that, 
further, great care has to be taken in welding such seatings to the tank top to avoid tension stresses. 
Special experience and skill of the welder are necessary to guarantee a good and reliable job. 

How seriously electric welding of components such as above is considered and how far its application 
has been already advanced may be demonstrated by the fact that standardisation has been introduced for 
this purpose to an extended degree and that tables have been prepared for the application and use of 
designers and welders. 
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The appended photos may serve for further illustration :— 

Fig. 8 is a very good example demonstrating the condition of a welded and a riveted joint 
under load. ‘This applies very well in a case of seatings. 

Fig. 16. Seating of a thrust block in a tanker. 

Fig. 17. Seating for an Aux. Diesel set, s.s. ‘ Vancouver.” 

Fig. 19. Welded seating and riveted seating on the m.y. “ Claus Horn.” 

Fig. 5. Seating for a Diesel set of a completely welded self-propelling floating crane which 
has been in service for several years with complete success, and which was built together with an 
identical riveted craft in order to demonstrate the saving of weight of material, cost, etc.,and to 
study the behaviour of electric welding under severe and continuous working conditions. 


Many complaints have been made by owners with regard to the sometimes very high repair bills, but 
the author has been informed by competent representatives that repair costs have been considerably 
reduced and the balance sheet for maintainance has been satisfactorily affected thereby. Probably due to 
better material, better design and improvements in details, and last but not least, to superior skill of the 
engine room staff ; it has been confirmed that ships with 2 8.C.DA main engines are at present in line 
with reciprocating steam engines in the direction of good performance and low cost of upkeep. 


STEAM DRIVEN MACHINERY. 
BOILERS. 


For ordinary ships and for working pressures up to about 16 kg./em’. the cylindrical boiler still rules 
the field. A great many improvements have been made by the application of the oxy-acetylene welding 
process which at the same time reduces the cost. Some firms for instance have substituted the riveted 
joints of combustion chamber side and bottom plates by welded ones ; the advantage is obvious as these 
places with three-ply riveting are very liable to leakage. Furthermore, back tube plates are welded to 
the furnaces. This welding is done under the hammer—thus improving the quality of the welding—and 
the welded parts are later on annealed, if possible. 

With vertical donkey boilers nearly all furnaces either of the cross tube type or of other types are 
made by means of oxy-acetylene welding and these furnaces prior to their being fitted in place are 
annealed in a special annealing furnace. 

With the introduction of higher steam pressures the application of water tube boilers became 
inevitable. The gradually growing demand for higher propelling power, for reduced boiler space and 
smaller weight with the greatest possible economy led to the introduction of the water tube boiler in 
Germany even before the war. Preferably the small tube boiler has been developed and has now arrived 
at such a degree of performance with super-heaters, economisers and air heaters that boiler efficiencies of 
85 per cent. and more are not unusual. The latest are those of the Yarrow-Vulcan type fitted in the 
“ Bremen,” Fig. 6, and those of Messrs. Blohm & Voss for the “ Albert Ballin” class, Fig. 7. In the 
principal parts both types are identical, but for the several reasons given below some slight deviations are 
noticeable. 

The Yarrow-Vulcan boiler has one large steam drum above and two small water drums below, 
connected by curved tubes; all drums are longitudinally riveted. Between the tube nests the super- 
heaters are located, the tubes in the rows next the fire are slightly larger in diameter than the remaining 
rows. 

Heat resisting protection is provided in the form of aluminium metal coating for parts such as 
bearers and brackets exposed to high temperature combustion gases in boiler and superheater. At high 
temperatures the aluminium flows into the adjoining metal and the metal into the aluminium and so a 
protective alloy is formed. Fig. 6 shows a double ended boiler of the “ Bremen” :— 


Working pressure... i me e 23 kg./cm’. 
Superheat ... oe = aa ne 875° C. 
Generating heating surface... At ee 1100 sq.m. 
Superheating surface ... “or ae aS 250 4, 


Air heating surface... an ne ine 568, 
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A glance at the plan shows the large water surface exposed to combustion gases, with a consequent 
high rate of heat absorption by radiant surfaces. Special attention is given to furnace refractories. 
Particulars of the Blohm & Voss boiler (Fig. 7) as fitted in ships of the “ Albert Ballin” class are :— 


Working pressure... A or at 28 kg./em?. 
Superheat “ts 3 ree Fy 380° C. 
Generating heating surface... oe ve 1150 sq.m. 
Superheating surface ... x. xe oe 300 ,, 
Air heating surface... a ¥ re 647, 
Smoke tube feed water heating surface a 820 ,, 


As in the Yarrow-Vulcan boiler all special points have been given careful attention. The boiler 
offers great advantage in space economy. It has been developed from the boilers of the “* Europa” and 
the upper steam drum of the latter has been replaced by a three drum system in order to avoid the rather 
expensive forged drums of great diameter necessary for a sufficient area of water surface. All drums with 
exception of the upper steam drum are riveted with longitudinal double butt straps. The two lower 
steam drums are connected to the solid drawn upper drum by strong solid forged connection pieces, 
carefully mounted in order to guarantee absolute tightness under high pressure. All dished front plates 
are of elliptical form and are riveted into the drums. As in the Yarrow-Vulcan boiler the two lower 
steam drums are connected to the lower water drums by curved water tubes of small diameter, and the 
superheater is arranged between the two vertical water tube nests, great care having been given to its 
design to ensure quick and easy replacing of defective superheated tubes. As air heating is of supreme 
importance a large air heating surface has been arranged for. In the air heater tubes, the Blohm & Voss 
patent smoke tube feed heater coils are introduced from the bottom side and to prevent any corrosion in 
these coils the feed water is preheated to 115° C. before entering the system. ‘Turbo driven fans are 
arranged for forced draught. In addition there is fitted in the uptake an additional turbo driven 
ventilator for induced draught to give better and easier contro! of draught conditions in the combustion 
spaces. 

The tubes in these boilers are solid drawn throughout, all mountings well designed and automatic 
feed regulators of the ‘* Mumford” type are adopted. In the “ Bremen” boiler tangential steam dryers 
are fitted in the steam domes. 


Extra HiGH PRESSURE BOILER. 


The scientific basis and the great advantages resulting from the increase of pressure and heat drop 
have long been known, since the days of Carnot and Rankine in fact. The first practical attempts at 
realisation in this direction were made in England about 180 by Perkins who built small boat engines 
for a working pressure of over 50 kg./em?. The German engineer, Dr. Alban, endeayoured to construct a 
high pressure engine with a working pressure of 50 kg./cm?. about the year 1830, All these attempts 
were unsuccessful owing to the insufficiency of the material available and the lack of efficient tools, &c., at 
that time. Some time later the ideas of high pressure and superheat were again taken up by Schmidt- 
Cassel, who deserves to be considered one of the most important pioneers in high pressure and superheated 
steam. In the year 1913 scientific reasons were given by Dr. Havlicek, of Witkowitz, for the advantage 
of increased pressures over 200 kg./cm?. 


A fact not previously published is here gratefully recorded, namely, that the late Mr. Voss—formerly 
a partner of Messrs. Blohm & Voss—and at one time a Surveyor to Lloyd’s Register, made attempts on the 
solution of this problem in the year 1895, by constructing a 1,000 H.P. set of machinery for the s,s. * Allida,” 
but regrettably without success, due to reasons mentioned above. 


Several plants with high pressure steam and superheat are running successfully in land power stations 
and the results obtained made it desirable for many engineers and builders to adopt extra high pressure 
for ships’ propulsion. 

In recent years there have been developed three systems in Germany, viz., the Schmidt, the LofHler 
with indirect heating and the Benson with direct heating. Of these systems, only that of Benson has up 
to now reached the stage of noteworthy accomplishment. Messrs. Blohm & Voss in close connection with 
Messrs. Siemens-Schuckert, licence holders of the Benson patent have developed this boiler for a 6,000 B.H.P. 
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turbine plant which is fitted on the s.s. “ Uckermark” (Hamburg-America Line). The first systems 
will only be touched upon and the Benson be more fully described, so far as information at the disposal of 
the author is available and so far as the publication of such information is permitted. The main 
principles of all three systems are shown in Fig. 20. 

(1) Scumipr.—It can be seen from the diagrammatic sketch that by a closed coil system, called the 
primary system, which is partly filled with distilled water, the heat is transferred to the water of the boiler 
evaporating the steam to be supplied to the engine. The distilled water contained in the primary or 
heating system evaporates in the fire heated part of the coil and the steam so generated is conveyed to 
those coils arranged in the upper steam drum, whence after having heen condensed it flows back to that 
part of the coil situated in the fire space. 

This is, as stated, a closed circuit. The pressure in the heating system is about 30 to 40 kg./cm?. 
higher than that of the working steam. The water circulation in this boiler is the same as in high 
pressure W.T. boilers, i.¢., it is effected by the difference of the specific gravity of the water in the heating 
and downcomer tubes. 

(2) The Léffler system is to be considered as—and may be called—a steam circulating system, as its 
heating element is steam. The evaporator in which this heating steam is generated is placed outside the 
boiler and thus is not in the vicinity of the fire. The saturated steam so generated is put later into 
forced circulation by means of a circulating pump P. It passes first the radiation superheater and later 
the second superheater, and after leaving the latter it is partly (one-third) used for engine driving purposes 
and the remaining two-thirds are blown into the above-named evaporator. These two-thirds transfer the 
heat of the high superheated steam to the water contained in the evaporator drum and the whole of the 
saturated steam generated again enters into the circuit mentioned above. This system can only be used 
economically with pressures above 50 kg./cm.”, as otherwise the percentage of power required to drive 
the circulating pump is too high. 


For instance, 80 kg. — 5 per cent. of generated steam. 
130 kg. —2 per cent. of generated steam. 


Fig. 25 shows a Léffler boiler as proposed and designed by Messrs. Deutsche Werft, Hamburg. In 
this boiler all brick work is eliminated. Only in the upper part of the radiation superheater in way of 
the extremely high temperatures, “ Bailey ” walls are arranged for. The combustion space shows good 
access for changing tubes and for repairs, and a great field is offered for the most suitable and effective 
design as regards combustion possibilities and efficiencies, All joints are welded and only those which 
must occasionally be broken are made by flange joints. 

(3) A number of publications are already available (see references made) on the subject of the Benson 
boiler, and a great deal of useful and valuable experience has been gathered in existing land boilers, As 
will be known, Benson proposed to evaporate the water under critical conditions. The critical 
temperature of the water is 374°C. and the corresponding critical pressure 224°2 kg. Under these 
conditions water converts to steam without any adding of evaporation heat. Thereby the evaporation 
process consists only in the preheating of the water up to the critical temperature, superheat being 
then added. As can be seen from the diagrammatic sketch Fig. 20, the water enters the heating coils 
under a critical pressure of about 225 kg. and flows successively through the preheater, the evaporating 
unit, the reducing valve, and enters under reduced pressure the superheater from which it passes into the 
main steam line. 

No drums for the separation of steam from water and no downcomer tubes for circulation are 
necessary. ‘The scheme shown in Fig. 23 gives a general idea of the physical process. By means of the 
high pressure feed water pump “a,” the pressure of the water is brought up to about 240 kg./em*. ; the 
water then flows through the coil “b” and is here heated up to 374°C. (firing shown by small gas 
flames ‘‘c”’), at which it is converted into steam. Above the tube “b” the volume curve of water and 
steam as a function of the temperature is shown and it can be observed that just before the critical 
condition of the steam has been reached, a dissolution of the molecular structure of the water takes place, 
its volume increasing three times at this point and increasing still further in the state of superheat. The 
sketch shows that only forced circulation by means of feed pnmps can be used and a greater factor of 
safety is thereby arrived at, as the velocity of the flowing medium can be increased by the interposition of 
pumps. ‘To obtain high water speeds, tubes of 20 mm. internal diameter are provided. In one tube of 
20 mm. internal diameter, however, only a steam quantity of about 3 tons per hour can be evaporated ; 
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therefore a number of coils had to be arranged in parallel according to the amount of steam to be 
generated for the required load, and as experience with an experimental boiler had shown that uniform 
heat distribution was of the greatest importance, these coil systems were cross connected. In order to 
have the same friction of the water in each coil, these must be practically of the same length and this has 
been best accomplished by suspended coils developed by Eule. Fig. 24 shows the scheme according 
to which the boiler proposed for a ship of the “ Albert Ballin” class had been designed. In the new 
boilers erected in the 8.8.W. cable works, under full load about 72,000 Cal. per sq. m. per hour are 
transferred in the radiation part if the full circumferential surface is taken into account, and 144,000 Cal. 
if only the actual radiant surface exposed to the fire is taken into consideration, this is 224 kg./hour 
steam referred to normal steam of 639 Cal. This boiler, which has a steam generating capacity of 10-11 
tons steam per hour, is arranged for air preheating. It is shown in Fig. 24. In the lower part two 
combustion chambers are formed by wound coil systems which are carried in parallel in five separate 
coils in order to have the same temperature at the ends, even when the burners are not giving 
uniform combustion. The automatic regulating valve is arranged at the end of the coil elements and 
enables the pressure in the coils to be constant at not less than 225 kg.fem’. Above the combustion 
chambers the elements are suspended by means of brackets made of special cast iron. The first part 
of these elements is used for feed water preheating and the second for steam superheating. The 
channel bars as can be seen from the drawing may be removed easily. Both ends of each of the four 
coils arranged in one element are connected to headers by means of flanges. Between the suspended 
elements, baffle plates are arranged for the guidance of the combustion gases, which after leaving the feed 
water heater, enter the air heater for the purpose of air preheating. The coils as used have an inside 
diameter of 20 mm. and a wall thickness of 6°5 mm. They are welded to the headers by the oxy-acytelene 
process. 

All generating elements are placed in a chestlike housing made of rolled steel bars or sections and 
double sheet iron plates, the latter forming air trunks through which the air necessary for combustion is 
carried. By this arrangement heat losses are eliminated and a very effective insulation is arrived at. At 
the combustion side the sheet iron plates are covered with furnace refractories. 

The cycle is as follows :—The water flows through the feed water preheater part (about 50 per cent. 
of the suspended tubes) and then falls into the radiation elements at the end of which the reducing valve 
is placed. By electric control the steam is reduced here to the required steam pressure (65 up to 
185 kg./em*.). The steam enters now the second part of the suspended elements forming the superheater— 
eight elements of which are arranged in parallel—and from here it enters the main steam line. On the 
boiler there are only a few mountings, namely, the feed check valves and the main stop valve, made 
from special cast steel with valves and seats of stainless steel. Joints are made by means of metallic 
lens-shaped nickel rings. It will be understood that water gauges for a boiler of this type are not 
applicable and therefore these are substituted by a ‘‘ Venturi” feed water recorder fitted in the H.P. feed 
water discharge line. As exact control of temperatures is of great importance for safe working, thermo- 
elements are arranged at different parts of the coil elements. See Diagrams Figs. 21 & 22. In 
order to maintain the critical pressure of 225 kg. per cm*. in the generating part an_ electrically 
controlled (Fig. 28) and a hand operated valve are provided. ‘The electrical instruments used are shown 
in Fig. 10. The safety valve to relieve the system from higher pressures caused by the feed 
pump is of the spring loaded type with ball valves. Flange connections for higher temperatures and 
pressures have been developed to a great extent for land hoilers, without any packing material. Mostly 
nickel rings of lens form are used, see Fig. 29. It will be seen in the Benson boiler that strong flanges 
are screwed on to the pipes and the pitch circle of the bolts in the joints is of great diameter in order to keep 
the bolts free from high temperatures. For self-adjusting purposes strong springs (special steel) are fitted. 
B.B.C. and Léoffler weld the flanges to the tubes and use, wherever possible, studs, because these reach 
more quickly than bolts the temperatures of the pipe. Long expansion sleeves are fitted for self-adjust- 
ment. A boiler of the type described has been installed for experimental purposes in the laboratory at 
the High School at Charlottenburg. 

lt will at once be agreed that, before the design and construction of such a boiler for marine 
purposes could be commenced, even admitting the experience gained in land power stations, several points 
regarding materials required further investigation ; for example, their properties as regards behaviour 
under high temperature and pressure, their welding qualities, the physical tests and the formule for 
determination of wall thicknesses to meet the requirements of the boiler authorities, the measures 
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necessary for counteracting the decomposition of steam and its corrosion effect on the particular material 
used. The feed water, which is of supreme importance, had to be carefully considered, and research in 
other directions was called for. 

It is well known that at higher temperatures the yield limits for the usual boiler steels fall consider- 
ably. Normal boiler steels begin to soften at a temperature of 500°C. and extend slowly but continuously 
under load as soon as the stress exceeds a minimum value. At 500° ©. this value, called the creep limit, 
is very low, being only a small percentage of the yield limit. With the introduction of higher steam 
pressure, higher temperatures are automatically reached and the temperature is of deciding importance in 
the selection of suitable material. Materials such as chromnickel-, Enduro-, and Tungsten-steel are too 
expensive, and on account of their high cost their introduction is commercially prohibitive. Therefore 
a material had to be found which could be obtained at a reasonable price. 

Experiments made at 500° ©. with different alloy steels such as Chromium-, Manganese-, Molybdenum-, 
Vanadium-, Titanium-, Copper- and Nickel-Alloy steels showed that the Molybdenum may be considered 
as the main factor in raising the creep strength. Molybdenum alloy steels have only been manufactured 
recently and especially for these purposes where good welding properties are required. The Molybdenum 
itself is rather expensive, but as only a small quantity of some tenths of one per cent. is necessary for its 
effective purpose, these steels are considerably cheaper than say Chrome-nickel steel. The physical 
properties such as specific gravity, heat conductivity and structure are scarcely influenced by the very 
small amount of Molybdenum used for the alloy and they show no practical difference compared with 
usual steel material. Figs. 30 and 31 show a comparison of several steels with regard to yield stresses 
at different temperatures. 

Good tensile qualities admit of reduced thickness and consequently better heat conductivity and 
water circulation. Another advantage to be found is that tubes with thinner walls are more elastic, 
therefore a tensile strength of about 48 kg./mm?. (46-50 kg.) has been adopted. So much for the 
material of the boiler tubes and headers. 

During investigations and experiments carried out to ascertain the material most suitable for mount- 
ings, turbine casings, &c. several materials were investigated. 

Experiments made by Messrs. Krupp, gave the following results :-— 


0°19 PER Cent. C., 0°60 PER Cent. Mn., 0°33 Per Centr. Mo. 
YIELD LimiI?. TENSILE STRENGTH. ELONGATION. 
kg./mm?._ kg/mm? ___ Per Cent. 
Normal Temperature 30 49 25°5 
Temperature 500° C. 15 40 30 
0°37 Per Cent. C., 0°75 Per Cent. My., 0°58 Per Cent. Mo. 
Yrevp Limit. TENSILE STRENGTH. ELONGATION. 
kg./mm?. kg./mm?. Per Cent. 
Normal Temperature 31 65 18 
Temperature 500° C. 26°7 50 29°6 


Results of experimental test made by B.B.C. are shown in Fig. 33. 
maximum permissible temperature at the turbine is about 450° to 470° C, 


These results show that the 
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With regard to the physical tests and the determination of wall thicknesses the Rules for high 
pressure land boilers in Germany have been adopted in this case. The tests prescribed consist of tensile, 
bending, chilling, and drifting tests ; tolerance with regard to wall thicknesses up to 133 mm. outside 
diameter not more than + 10 per cent. Hydraulic pressure to which the tubes are to be subjected, 2°5 
working pressure plus 11 kg. 

As for the determination of the creep strength, no practical system of testing is at present available, 
but it has been decided that hot tensile tests at a temperature of 500° C. should be made and from 
these the yield limit accurately, by fine extensometer such as the Krupp-Kennedy should be accurately 
ascertained. A minimum yield limit of 18 kg./mm*. has been recited and a considerable number of 
samples submitted for test gave values between 18 and 20 kg./mm?. 


Fig. 11 shows a special type of furnace for “quick” creep-testing. Test bars of about 750 pb 
length and of 5mm. to 10 mm. diameter are loaded with a certain load in middle of length, placed in 
the furnace in which a temperature of 500° C. is maintained. The deflection is controlled up to the 
moment when deflection stops or the bars are released, viz :—the loads touch the bottom. 


The curves (Fig. 18) show the deflection in mm. and the yield limit in kg.'mm?. of different 
alloy-steels. 


The table gives the chemical compositions of these alloys. 


Nr. CG Si Mn Ni Cr Mo V 
1 0,13 0,24 0.40 on = = mas 
2 0,15 0,23 0,26 4,96 a nd a 
3 0,30 0,30 0,49 4,32 1,52 = se 
4 0,43 0,24 0,58 ae — pac a 
5 0,40 0,14 0,48 a 0,99 as pa 
6 0,12 0,15 0,52 3,00 él — pele 
7 0,39 0,33 0,39 0,49 13,90 ve al 
. 0,47 0,37 0,74 se 1,59 0,43 0,33 
9 0,32 0,19 0,54 nis 1,12 0,35 he 

10 0,19 0,12 0,50 aod noid 0,48 = 

ll 0,17 0,18 0,38 ae 0,83 0,55 i 


As oxy-acetylene welding is used for the connection of the tubes to the headers additional tests with 
welded pieces have been carried out in a very exhaustive manner and the shape of welding finally was 
decided to be of “* V” shape with small guide cones to ensure true alignment and to avoid any obstructions 
inside the tubes against steam and water flow. 


The wall thickness is determined by the following formula :— 
+ 1°5 mm. 


where p := working pressure in kg./cm?. 
d = inside diameter of tube in mm. 
< = allowed stress = 5 kg./mm?. 


The wall thickness of those tubes in the vicinity of the fire is to be increased by 1 mm. 


By this formula a wall thickness of 6°5 mm. + 1mm.= 7‘5 mm. in the fire row tubes was obtained. 
Calculations made for ‘ best” tube thickness in accordance with investigations of Lorenz and later on 
(for comparison) with those of James Gray Docherty (Hngineering, April, 1980) showed that with 
increasing heat loads (from 200,000 to 400,000 Cal. /m?/hour) the wall thickness decreases. 
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Messrs. Allgemeine Electricitiits Gesellschaft for their tubes in H.P. boilers are using an 
“approximate ” formula 
g_—P* d 

ill ee ad 8 
where P = working pressure in kg./em?. 
d = outside diameter of tubes 
= specific heat load of the tube in kg./Cal./m?/H. 
A = mean of constants of different tube material of 8.M. steel at temperatures between 300 
and 550°C. = pea 

All these formule however, apply to the usual tube material, and having in view the good results 
arrived at with regard to creep strength of material submitted and the satisfactory performance of land 
boilers already in service for a long time, the authorities agreed to a wall thickness of 6°5 mm. at 20 mm. 
inside diameter for tubes to be used in the marine boiler. 

Special attention had to be called to the corrosion met with at the present time in highly stressed 
land boiler tubes (temperature and pressure) which, as found by experiments carried out by Fellows, is 
caused by the direct reaction of steam on iron according to the equation 2Fe + 4H,0 = 2FeO, + 4H, 
(steam decomposition). 

This, as shown by many careful German investigations, takes place at much lower temperatures than 
was formerly assumed and is liable to occur at places where stagnant steam is found. For this corrosion, 
high steam velocity in the tubes is considered to be the best practical remedy. 

As any scale and impurities in the tubes will cause storage of heat with consequent higher 
temperature in the material and decreased creep strength, resulting finally in the bursting of the tubes, 
the extreme importance of pure feed water had to be fully realised and provided for. Only distilled water 
of the highest degree of purity is to be used and two stage feed water evaporators, the second re-evaporating 
the condensate of the first, have been proposed. 

Bearing in mind the great experience of Messrs. Blohm & Voss in marine engineering it was to be 
expected that special points such as interchangeability and easy removal of elements, and in fact the many 
special conditions to be fulfilled on board ships, would receive special attention, and in fact the firm has 
produced a design which in its appearance is different from that described above, though in the main 
principles identical. 

his new boiler has been designed for about 20 tons/hour steam generating capacity—the steam 
before entering the superheater is reduced to 62-65 kg./cm.? and the superheat of steam before entering 
the extra high pressure turbine is 425° C. On completion the boiler was installed on s.s. “ Uckermark ”’ 
at that time under construction at Messrs. Blohm & Voss, to the order of the Hamburg-America Line. 
She is one of the eight new vessels fitted with turbine machinery and boilers taken out of the ships of the 
“ Albert Ballin” class. The boiler installation in these new boats consists of two double ended and two 
single ended Scotch boilers but in the case of the ‘* Uckermark” one of the double ended boilers has been 
replaced by the Benson boiler which is capable of providing the whole of the steam for the main turbine 
set (6,000 S.H.P.). The steam for auxiliary engines for main machinery (Diesel sets are fitted for Diesel 
electric drive of a great part of the ship’s auxiliary machinery) will be generated in one of the single ended 
boilers and therefore two fully separate steam lines have been provided. This is done for the reason 
that only pure condensate is admitted to the Benson boiler. 

The ship has made a voyage to Canada and back and the boiler has been under service intermittently. 
No data has been published up till now, but very satisfactory opinions of the boiler have been expressed. 
At least the main principles seem to have been mastered. The fuel consumption is recorded to be within 
the figures given by Eule although the ship has not been fitted with all the new arrangements for the 
further saving of fuel. The fuel consumption is at present of secondary importance in this case, as 
investigations are only being made to obtain data regarding the advisability of using these boilers for 
marine purposes. 

An extraordinary fact to which attention may be directed is the comparative safety against explosion 
due to the small amount of water in the boiler (400-500 kg.). 

Some tubes burst during the voyage but only the burners went out and nothing serious happened. 

This ship, of course, affords a splendid opportunity for investigation and experimental purposes. 
When, for instance, serious trouble of any kind arises the new arrangement can easily be disconnected 
and the ship can run on its old-type machinery. 
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Before leaving this chapter I propose to make some remarks on pulverised coal and mechanical 
stokers, as there are still many practical difficulties to be overcome. With a view to studying important 
points and collecting reliable data for possible future developments, the Hamburg-America Line and the 
North German Lloyd have fitted two ships with the Clark Chapman-A.E.G. system. To ensure the best 
conditions two new boats were selected, the “ Donau” (N.D.I.), where only one boiler was fitted with this 
installation, and the ‘* Strassfurt” (H.A.L.), where two double ended boilers for the supply of the whole 
steam for the 6,000 8.H.P. turbine plant have been equipped. In the latter ship one single ended boiler 
is arranged to be hand fired for harbour purposes. In these two ships air heaters of great surface, 
together with the latest types of crushers and mills, have been installed and all coal dust lines have been 
designed in accordance with the latest experience. For the same reasons, viz., to secure reliable data 
and to gain experience two other ships have been fitted with mechanical stokers. 


RECIPROCATING ENGINES. 


The tendency in recent years to improve the efficiency of steam propulsion plants led to the conversion 
systems already mentioned in this paper—Bauer-Wach and Simplex. The double compound reciprocating 
engine with poppet valves and piston slide valves has made advances in detail improvements and especially 
in standardisation. As the poppet valve engine is very suitable for high pressure steam a new quadruple 
expansion engine has been developed since last year, namely, the Schmidt-Borsig engine, Fig. 34, built for 
101 kg.fem’. and 425° C. superheat for American account, with a full measure of success. In this engine 
H.P. and 1st M.P. cylinders are single acting and arranged in tandem, viz. the H.P. cylinder on top of 
the M.P. By this arrangement the H.P. stuffing box and the trouble to be expected therewith are 
eliminated, The remaining cylinders are double acting and between the Ist M.P. and the 2nd M.P. a 
reheater is arranged in which at 12 kg./em*. the temperature of the steam is raised from 210° to 280°C. 


TURBINES. 


Turbines built in the last few years are nearly all of the standard geared marine type, the first stages 
are impulse—and the following stages reaction blading. Sets are split up into two, three or four turbines. 
As in England, great attention is given to all the important questions, such as most suitable material 
for rotors, castings and blading, the design of the latter as regards axial and radial clearance, also drainage, 
lubrication, the balancing of rotors, the precautions to be taken against blading vibrations, etc., and the 
most practical testing apparatus to be provided in the shops. 
otor are forged from nickel steel with a tensile strength up to 70 kg./mm*. and 18 per cent. 
elongation, the elastic limit being 40-50 kg. 

Turbine casings subjected to higher pressures and temperature are made of electro-steel castings. 
Those of the L.P. turbines are usually of cast iron. (‘* Bremen,” steel castings). 

The pole blading is of Krupp’s V. 5 M. steel, the physical properties of which are the same as 
stainless steel. For reaction blading Monel or five per cent. nickel steel is used, the latter however not in 
parts where wetness of steam can be expected. 

As it is of peculiar interest I append some notes here on the “ Wagner” H.P. turbine, specially 
designed to reduce machinery weight. This turbine set consists of one H.P. and one L.P. turbine and 
develops 300 B.H.P. The steam pressure is 45 kg./em®. at 450° C. superheat at the nozzles. Between 
the H.P. and L.P. cylinders a live steam reheater has been arranged for. The I1.P. rotor is fitted with 
three impulse wheels of 230 mm. diameter and runs at 21,000 revolutions per minute. In order to avoid 
troubles with bearings and stuffing boxes the superheated steam is introduced in the middle part of the 
turbine and flows radially to the first impulse wheel. The special form of the blades (similar to those in 
the Pelton wheel) permits the steam to flow from both sides to the second impulse wheels. 

This arrangement avoids heat flow to the bearings and therefore ensures reliable service conditions. 
It also prevents movement in an axial direction. The casing is built like a barrel around the rotor, thus 
making free allowances for expansion due to heat. The design of the I..P. turbine is similar, the well- 
known division of the steam flow in the first stage into two or more wheels arranged in parallel being also 
adopted in order to obtain higher power with high revolutions. Light alloy metal is used to a great 
extent for component parts. Both turbines are coupled to the propeller by double reduction gear. 
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The turbine set on the ‘‘ Uckermark” is an old set of a ship of the “ Albert Ballin” class. On top 
of the single reduction gear casing two new superimposed extra high pressure ahead and one astern 
turbine have been fitted. These drive by high speed pinion an intermediate wheel and an intermediate 
pinion engaging in the old main wheel. ‘The superimposed high pressure turbines, running at 6200 revs. 
p.m., are of Curtis type, the steam pressure at the nozzles is about 62 kg./em®. and the superheat 
425°C. The exhaust from these turbines into the old installation has a pressure of about 13 a fOERs 

Reduction gears are built in Germany of the double and single reduction types but the latter is 
is preferred in nearly all cases due to its complete immunity from all gear troubles. Gears with envelop- 
ing teeth as recently made in England are not cut in Germany, as the existing cutting machines are all 
designed for cutting of wheels and pinions with standard type teeth. 

The prime importance of the efficiency of auxiliary machinery is fully recognised and great improve- 
ments have been made recently, such as turbo driven feed, circulating, and extractor pumps, fans, &c. 
The necessity of high vacua directed attention to a condenser design which prevents supercooling of the 
condensate. The application of cupro-nickel and aluminium alloy tubes in these vacuum augmenters 
and the fitting of feed water—and steam—and CO, recorders are now-a-days common practice in the 
larger installations. In the “ Bremen” the turbo geared drive is adopted to a great extent and has 
proved very satisfactory. 

The high pressure feed water pump of the “‘ Uckermark” is of interest. It is an electric driven 
one stage six plunger type pump of vertical design and of 20 tons capacity per hour. Each two rams 
are connected by cross- and tie-bars and are worked by a crankshaft with cranks at 120°. The pump 
cylinders are made by arranging six bores in a forged block. In order to keep the rams and the long 
stuffing boxes free from the high temperatures of the feed water, special arrangements are made for the 
suction and delivery action of the pump. In addition, great care has been taken in the design to avoid 
shocks, &c. in the water lines under high pressure. 


ELECTRIC INSTALLATIONS. 


Generators, motors, cables and fittings are made to the German Electrical Standards which do not 
differ much from the British Standards. The German Rules, however, allow a greater amperage per 
sq.mm. ‘The difference with regard to intermittant service is obvious. See Fig. 35. 

The distribution is at present on all ships on the single pole system with hull return and all the 
latest ships are using 220 volts for power and light. ‘l'ankers, of course, are not included, as they 
are fitted on the same lines as those classed with Lloyd’s Register. The generators run on the 
selective and in bigger installations on the parallel system. In the latter cases safety devices have been 
developed and adopted to ensure that vitally important motors such as those for steering gear, cooling 
water and lubricating pressure pumps, gyros, &c., remain in action even if one generator breaks down. 

I might mention that the majority of the non-steam driven steering gears are on the direct electric 
drive ; hydro-electric drive although produced by some firms, have been adopted in only a few cases. 

Passing reference may be made to the extensive research and experimental work now being carried 
out in Germany. Special mention may also be made of the investigations with regard to propeller design, 
to metallurgy and to critical revolutions in marine engineering; as one of the pioneers the name of 
Dr. Frahm should be mentioned. 

In concluding this review the writer desires to put on record his thanks to those who kindly 
furnished him with photos and particulars. 
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DISCUSSION ON Mr. F. C. M. WITT’S PAPER 


ON 


“RECENT DEVELOPMENTS IN MARINE 
ENGINEERING IN GERMANY.” 


Tur PRESIDENT. 


We are much indebted to Mr. Witt for the excellent paper he has given describing recent advances 
in marine engineering in Germany, for, if scientific progress is to be made, it is essential that each 
country should know what is being done elsewhere, and few of us can hope to be abreast the latest 
developments in any country but our own. 


As this is essentially a paper on engineering, the sections on which a naval architect can comment 
are not numerous, and the only one on which I would say a few words is that devoted to electrically 
welded motor engine seatings. 


It is no secret that motor engine seatings have been a prolific source of trouble since the war, and 
any new design which will obviate such trouble should be welcomed. It is, however, a very debatable 
point whether the type of construction illustrated in the paper is likely to attain the results hoped for. 
As shown in the photo, presumably taken in the welding shop, the seatings look substantial and the 
connections sound, but it is doubtful whether the welds finally made when the seatings are in the ship 
will be equally efficient. In any case, I would suggest that only actual experience can demonstrate the 
efficiency of this system of construction, and I can hardly agree with the author that experience has 
already shown the superiority of this seating over the ordinary riveted type. The number of cases in 
which it has been adopted are few, and the length of time in service much too short to permit definite 
conclusions to be drawn. 


We heartily welcome Mr. Witt’s contribution to our Transactions, and hope it will be followed by 
others from our Continental colleagues. 


Mr. 8. F. Dorey. 


1 have read Mr. Witt’s paper with considerable interest and profit, and am sure we are much 
indebted to him for all the information he has given us. 


There are many items raising points for discussion which will, no doubt, be brought forward by other 
members, and so I propose to confine my remarks to the section dealing with materials for high pressure 
and temperature work. As Mr. Witt rightly points out, much research is needed in order to obtain 
suitable material which will be able to withstand, for a prolonged period, the stresses to which it will be 
subjected to in practice. So far as pressure is concerned, the problem admits of a simple solution, but in 
the case of temperature there are many factors to be considered. 


In Germany the tendency appears to have been, up to the present, to compare materials from the 
standpoint of yield point and ultimate tensile strength at various temperatures rather than proceed with 
the more elaborate creep tests now the vogue in this country and America. 
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Undoubtedly, high temperature short time tests are open to criticism in many directions, amongst 
which may be mentioned the absence of the time factor in regard to the behaviour of the metal due to 
creep, effect of dissociation of steam, the degree of permanency of structure, and, if any change of 
structure takes place, its effect on the durability of the metal. ‘These items are, however, now receiving 
the attention they demand, and will help to give greater confidence to proceed with higher pressures and 
temperatures. 


Mr. Witt has drawn attention to the increased properties of mild steel by the addition of small 
quantities of molybdenum, and it would appear, from information available, that, with the addition of 
small quantities of copper, this alloy steel will prove satisfactory in service. The austenitic chromium 
nickel steels, while possessing high creep stress values, are very expensive and have been shown to be 
particularly liable to intergranular attack by some corrosive media, particularly at temperatures of 
500-600° C. The addition of tungsten (up to 1 per cent.) has been found to retard this intergranular 
breakdown, but there is still an element of doubt when long service is to be considered. 


So far as marine work is concerned it would appear that the steam temperatures now used, viz., 
about 750° F. will probably remain for a long time, and with a satisfactory margin for slightly higher 
metal temperatures the ordinary mild steel tubes are giving satisfactory service. 


The writer has recently examined some superheater tubes which have been in service for six months, 
and 18 months, at a temperature of about 700° F. and pressure 340 lb. per sq. in. After six months 
service the tubes were in excellent condition with practically no alteration in mechanical properties. A tube 
which, however, had been in service for 18 months showed distinct signs of spheroidisation of the cementite, 
but the drop in tensile strength was not very marked. Being a low carbon steel of about 24 tons per 
sq. in. ultimate tensile strength at room temperature, this is only what might have been expected. 


Mr. Witt’s remarks regarding the Benson boiler are of considerable interest, and it is hoped he will be 
able to give further details of the performance of the boiler in the Hapag vessel in his reply to the 
discussion. 


With extra high pressures special material is essential and careful attention necessary in order to 
prevent hot spots. It would be interesting to have the author’s views on the mechanical tests necessary 
for alloy steels suitable for high temperature work. 


Mr. C. W. Reep. 


Mr. Witt has given us a paper which I am sure is of great interest to all of us, dealing as it does 
with the trend of engineering progress in Germany to-day. 


Whilst the scientific achievements of that country have been of great assistance to the engineering 
world, it is gratifying to think that we are not far, if any, behindhand in England, but unfortunately the 
old country suffers from lack of advertisement. 


It is interesting to note the progress made in the question of economy of space; I refer to the 
“Albert Ballin” conversions, where, the author states, twice the original power has been installed in the 
same space ; this in a vessel only six years old. 


As regards fuel consumption in steam driven vessels the author states that the “Statendam” is the 
most economical vessel afloat, with 0°2803 kg. (0°618 Ib) of oil per 8.H.P. hour, which figure agrees with 
that given by Dr. Meijer in his paper before the Institution of Naval Architects last year. In this 
connection I have some figures from Mr. Johnson, in which it is stated that the consumption of the 
“ Empress of Japan” has averaged 0°608 lb per S.H.P. hour on two voyages, and as low as 0°602 lb per 
S.H.P. hour for all purposes on one 13 day voyage. ‘This is a considerably better performance than that 
of the “ Statendam.” 


With reference to the Junkers new type opposed piston engine, the author states that in this engine 
the adjacent cranks are set at an angle of 165° instead of 180°, so as to give a certain amount of super- 
charging. It may be of interest to note that Messrs. Doxford, however, have not followed this practice in 
marine engines, as it is considered this would have an adverse effect when going astern. 


T am sure that we are all very grateful to Mr. Witt for his interesting paper and only regret that 
he is not with us tonight. 
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Mr. C. Macpuerson. 


I would like to thank Mr. Witt for a most interesting paper and while there are many points on 
which further information would be very enlightening, I confine myself to one item which occurred to me 
while reading about the Benson boiler installation on the “‘ Uckermark.” 


As the ratio of work done by the feed pump to the available heat of the steam rises as the boiler 
pressure is increased it is very important to obtain the most efficient feed pump. 


Perhaps Mr. Witt might give some further information regarding details of the feed pump construc- 
tion and any results of tests which may be available. 


It would also be of interest, in view of the small reserve of power available in the boiler at any 
instant, if Mr. Witt could give us any information regarding the behaviour of the Benson boiler during 
the manceuvring of the engines, and particularly what means are used to regulate the feed pump for 
fluctuations in steam required for the main engines. 


Mr. G. H. Macponanp. 


I have read Mr. Witt’s paper with great interest, but on one or two points I shall be glad of some 
further information. 


As the H.P. and first I.P. cylinders of the Schmidt-Borsig engine are single acting, while the 
remaining cylinders are double acting, it appears that there will be a considerable fluctuation of pressure 
in the receivers, but chiefly in the second I.P., and it seems it will be difficult to equalise the power 
developed from each engine. As this arrangement is rather out of the ordinary, it would be, therefore, 
instructive if the author could give a set of indicator cards and also state the cut off in the cylinders 
and the crank sequence. 


The elimination of the H.P. stuffing box, by having the H.P. and first I.P. cylinders in tandem, 
strikes me as being very neat, but, if this type of engine is to be installed on board a vessel, it appears 
that special arrangements will have to be made to withdraw the H.P. piston rod, due to the possible lack 
of headroom. 


As the lubrication of an ordinary reciprocating engine using superheated steam sometimes causes 
concern, it would be of interest if Mr. Witt could state how it is proposed to lubricate the H.P. cylinder 
in this case. 


With regard to the Benson boiler fitted on the s.s. “‘Uckermark.” As the ultimate success of this 
boiler will depend on the tubes, could Mr. Witt state whether the tubes were made of different materials, 
and, if so, which failed in service, and also which material appears to be the most satisfactory. 


Mr. J. ANDERSON. 


Mr. Witt’s interesting review of the progress and developments in marine engineering in Germany 
covers practically every branch of the subject, and gives some indication of the research which is being 
carried on in that country in an endeavour to increase the output and improve the efficiency and 
reliability of machinery intended for the propulsion of vessels. Activities in a like direction are 
engaging the attention of engineers in all countries interested in marine engineering, as evidenced by the 
striking increase in power now obtained from all types of machinery per unit of weight. 


It is difficult to contribute much to the discussion on a paper of such wide scope and general 
treatment, the following comments being confined to one section only, that dealing with Diesel engines. 


From present indications, high speed Diesel engines geared to the propeller shafting, whilst offering 
many advantages, are not meeting with general acceptance, principally on account of the high 
revolutions. Rightly or wrongly, the marine engineer has a great dislike for high speed reciprocating 
engines, whether for driving main or auxiliary machinery, and the last 8 to 10 years has seen a steady 
reduction in the speed of rotation of Diesel driven auxiliaries. It is thought that for increased outputs 
supercharging offers, for the present at any rate, the most reliable and inexpensive method, and from all 
reports appears to be meeting with considerable success. 
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In an early type M.A.N. 28.C.SA engine, a plug was fitted in the piston crown, with the object of 
assisting ignition and combustion of the fuel. This idea, the author states in referring to Fig. 12, has 
now been adopted in a Krupp 48.C.S8A engine. False crowns, or “hot plates” as they are sometimes 
called, are difficult to fit with a really substantial attachment to the piston. The mushroom crown 
illustrated in the paper is held in place by a single bolt, which, despite its apparent margin of strength, 
is liable to fracture and cause serious damage without the slightest warning, 

In the accompanying sketch, the arrangement showing a false crown of steel of special heat resisting 
qualities, held in place by a steel piston ring, offers a reasonable measure of security against the plate 
working loose. If, for any reason, the plate requires to be renewed, pins can be screwed through the 
piston to force the ring into the recess in the plate. On the other hand the ring might seize, in which 
case the plate must be machined out. 


Fie. 1. 


Tt is doubtful, however, if any appreciable improvement is gained by fitting such devices, as these 
gadgets are generally a source of trouble. 

The practice now adopted by several German engine builders, as stated by the author, of extending 
the engine bed plate and bolting it direct to the tank top, as is done by some builders in this country, is 
in accordance with the usual steam practice and the surest way to eliminate seating troubles. 

I desire to add my thanks to Mr. Witt for his excellent contribution to the Staff Association. 


Dr. J. S. Brown. 


The increasing attention being given to high pressure steam makes it of interest to amplify the 
reference to the work of the Perkins family, as noted on page nine. The founder was Jacob Perkins 
(1766-1849) who developed high pressure installations for both land and marine use, and it is evident that 
the land installations showed considerable merit. Thus the equipment used at the construction of 
St. Katharine’s Dock, London, in the year 1828, included a Perkins pumping engine working at 700 lbs. 
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per sq. in. The boiler tubes were of cast iron, of 5 ins. square section and with 14 ins. bore. It is on 
record that this plant was tested in competition with a Boulton & Watt pumping engine, and the Perkins 
engine used one-third of the coal for the same duty. 


In another instance a high pressure boiler was used for heating duty in a factory in Tottenham 
Court Road, and remained in use from the year 1860 till 1915. It would appear that the modern form 
of sealed tube baker’s oven, using steam at 2,200 lbs. per sq. in. is a development from this type of heating 
boiler ; and the name of Perkins continues to be associated with this type of work, their headquarters 
being at Peterborough. 


The museum at South Kensington possesses models of a Perkins boiler and of the cylinder from an 
engine; and this cylinder is of special interest in showing all the features of the engine now known as the 
uniflow engine, that is, the exhaust takes place through ports exposed at the end of the travel of the piston. 


The marine installations were associated with the ships “ Anthracite” and ‘‘ Wanderer” and details 
of the latter vessel have been put on record in a paper(!) by Mr. James Mollison, lately Principal 
Engineer Surveyor at Glasgow. In each of these ships a series of practical difficulties were exposed during 
service, and the principles were evidently ahead of theirtime. Further information on the work of Perkins 
will be found in an American periodical ‘“ Power’’(*). 


Passing to the conditions in a modern power plant, the limiting factor is not the steam pressure, but 
lies in the superheat temperature, and particularly in the influence of that temperature on the materials 
available for the construction of superheater elements. It is therefore of interest to notice that there is a 
chemical process in use to-day where low pressure process steam is used at 1150° F. Here a short life of 
the superheater tubes has to be accepted, about six months, by which time the tubes are found to be 
reduced to a mass of iron-oxide, which fractures like china. This experience indicated a much lower 
temperature as the practical limit in a power plant, say about 800° F., and it is in this region that creep 
tests and other investigations are of extreme value, as indicated by the special testing equipment shown in 
the author’s Fig. No. 11. 


CORRESPONDENCE. 


Mr. A. CAMPBELL. 


The paper on “Recent Developments in Marine Engineering in Germany,” by Mr. F. C. M. Witt, is 
most interesting, and the author deals with the subject in a very comprehensive manner. 


During the past twelve years practically all countries have made great advancement in the 
manufacture and use of all kinds of mechanical appliances, in fact we are living in a mechanical age, 
and one wonders what the future may bring forth. The call is for economy, and the engineer has 
responded by supplying machines which have enabled passengers and goods to be transported at cheaper 
rates than in any former period. 


Each of the various propulsive units, let it be Diesel, steam turbine, or steam reciprocating engines, 
has its own sphere of usefulness, and it is for the shipowner to decide which is more suitable for his 
particular trade. In this country the tendency is for high powered passenger liners to be propelled by 
steam turbines with single reduction gears, having high pressure watertube boilers. I do not agree with 
the author that the Diesel engine is in line with the steam engine in cost of upkeep; my experience is 
that its upkeep is considerably higher, but of course the higher efficiency of the Diesel over most steam 
plants may balance the higher upkeep. 


We have not yet installed a flash boiler as a steam raiser in any of our vessels, preferring to reach a 
degree of economy by easy stages, and, for the present, seem satisfied to instal watertube boilers of the 
Yarrow or Babcock types, with working pressures of 450/550 Ibs. per sq. in. and a superheat temperature 
of 750/800° F. One of the risks of using the extra high pressure high temperature boiler is the fact 
that the water or steam in the tubes changes the composition owing to the high temperature, and unless 
a careful check is made frequently, and steps taken to maintain the alkalinity, serious deterioration of 
the tubes may take place. 


(*) Trans. Institution of Engineers and Shipbuilders, Glasgow, June, 1927. 
(*) “Power” (U.S.A.) 6th May, 1924, and following issues. 
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With reference to the question of engine seatings, it is interesting to note the entirely welded 
seating, and it would also be interesting to know how it has stood up to the work; probably in a floating 
crane it might prove quite satisfactory. I am rather against any practice which combines riveting and 
welding on the same seating, as the boilermaker may be less careful of the fitting and riveting of the 
plates, etc., thinking that welding may compensate for inferior workmanship. ‘The tendency among 
Diesel engine makers in this district is to deepen the engine bed plate, bolt the engines direct to the 
tank top, and thus dispense with seatings. 

I congratulate Mr. Witt on his interesting paper and also his mastery of the English language. 


Mr. L. C. Davis. 


Mr. Witt is to be congratulated upon having produced a most comprehensive account of the recent 
developments in marine engineering in Germany. He has covered a wide field in a masterly manner 
and, although the title of his paper might have been stretched to include inventions, as distinct. from 
improvements, it is pleasing to note that in his selection of examples “gadgets” have been omitted, and 
the entire work represents advancement in sound engineering practice. 

The advent of the Diesel engine has provided a powerful incentive to improvement in the steam 
engine, and as the ultimate theoretical efficiency of the Diesel engine is at present more closely 
approached than that of the steam engine, it follows that the ratio of increased economy and efficiency 
which may be expected in the future is in favour of the steam engine. 

The progress of development in the Diesel engine will be chiefly in the direction of the attainment 
of that reliability which the steam engine has acquired to such an astonishing degree. 

Progress on these two broad lines (i.e., increased overall efficiency of steam plant and greater 
reliability of Diesel engines) demand an intimate appreciation of the factors involved, combined with an 
intuitive perception of cause and effect and a high degree of technical skill. The best brains in the 
engineering profession throughout the world are concentrating on these intricate problems, and the 
collective result is a record of steady achievement. 

Unfortunately, the situation attracts the stuntmonger and the ingenious gadget producer, who too 
often finds a ready market for his goods by presenting extravagant claims to a non-technical management. 
These are the drags on the wheel of progress, resulting often in bringing discredit upon a thoroughly 
sound principle by its misapplication, and the worst feature is, that a legitimate invention, imperfect in 
its infant stages, may be confounded with the gadget and lost. 

Another enemy of progress is misguided economy. Economical power is the ambition of the 
engineer and the shipowner, but the plant must be good to produce it. The word can be shouted too 
loudly and the axe applied to the wrong tree. Economic ingenuity sometimes results in so cheapening 
the production of parts of machinery that the term of their useful life is shortened and many irritating 
and needless defects result from this competitive “skinning.” 

The rivalry of Diesel y. steam v. electricity v. combinations of these systems for producing power is 
acute, and it is obvious that it will remain so for a long while. Discoveries are tried out, new methods 
of application of existing systems, suggested by previous defects, are experimented with, and the 
accumulated knowledge results in the gradual elimination of the less successful ventures and further 
adds its quota to the building up of new standards in type and efficiency. 

In so ably outlining marine engineering in Germany the author has set a good example, and it 
would be interesting and instructive if members in other countries were to follow with papers on 
contemporary development. 


Mr. H. Suruerst. 


Mr. Witt has given us an excellent resumé of recent marine engineering developments in Germany 
and his paper confirms our admiration of the courage and ingenuity mothered by present day necessity in 
the engineering world. There are few engineers today who dare dogmatise on the type of propelling 
machinery of tomorrow, and it appears that more than ever the shipowner must specialise in the type of 
vessel for his particular trade ; at the same time competition compels him to seek after ever increasing 
speed and economy. 


rf 


I am in agreement with the author in thinking that the 4 8.C.SA engine will ultimately be discarded 
in favour of the 2 S.C. single or double acting Diesel. 

Superheat appears to be more securely established in Germany than it is here, and it is, in my 
opinion, a proved success if used and fitted intelligently, and yet one sees important vessels having super- 
heaters removed. 

The smoke tube type has in some cases been displaced by the “uptake” type, together with an 
improved method of feed heating. Regarding water tube boilers, I have seen types in some respects 
approximating to those described by the author, but the straight tube type (easier of access, examination 
and manufacture, to say nothing of reliability) appears more suitable for present day materials. 

The welding of engine seatings is a thing I have always advocated. British builders are somewhat 
handicapped in this, as welding here is not so good as on the Continent, and much more expensive. In 
new cylindrical boilers the oxy-acetylene welding described represents a saving, and I should be interested 
to know if longitudinal joints of plain furnaces are also welded by this process, and, further, if they are, 
has the author known any so welded to be successfully corrugated ? 

In regard to exhaust heat boilers, can the author give any results of these after considerable service ? 
Have the gases any ill-effects on the tube life ? 

In passing 1 may mention that in the latest type of Doxford engined tankers, with all-steam 
auxiliaries and an improved exhaust heat boiler, sufficient steam is generated by exhaust gas to drive 
essential auxiliary machinery not worked off the main engines. 


Mr. J. D. Macponaup. 


Coming at a time like the present when rigid economies have to be adopted and shipowners and 
marine engineers are looking for the last B.Th.U. per lb. of fuel, Mr. Witt’s paper on “Recent Develop- 
ments in Marine Engineering in Germany” is singularly opportune. lee ‘ 

Germany has justly earned a reputation for thoroughness in the matter of scientific research in all 
branches of industry and not least in engineering ; it is refreshing therefore to see that the lines of progress 
being pursued by our neighbour are in the main similar to those being followed in this country. 

A few years ago marine propulsion was in the melting pot and shipowners were faced with such a 
variety of means of propulsion that it must have been a matter of extreme difficulty to decide which to 
adopt for any given conditions. p 

Fortunately, in this country as in Germany, the trend of progress is now along well defined lines and 
is represented as far as steam is concerned by a steady increase in pressure and temperature, better feed, 
heating and condensing arrangements and better combustion, a good lead in this direction being given by 
power station engineers. The Bauer-Wach system is also being extensively used with very satisfactory 
results. There still appears to be a great future for steam and I think there is no doubt that we will 
yet see many economies effected in its use. i ; 

With regard to what Mr. Witt calls the extra high pressure boiler, Germany has been experimenting 
with this type for a number of years now, but as far as can be gathered, this boiler, while tending towards 
the ideal, is still more or less in the experimental stage and as reliability is the keynote in marine engineer- 
ing its sphere of usefulness appears to be still some distance in the future. ¥ 

The Schmidt-Borsig steam engine as illustrated in Fig. 84 is very ingenious and, by keeping the 
superheated steam away from the H.P. piston rod gland, overcomes one of the difficulties always experienced 
when highly superheated steam is used in reciprocating engines. The reheater should also show economy 
by re-evaporation. 

With regard to the Diesel engine in this country the position seems to be more obscure, both the 
28.C. and the 4 §.C. engines having many adherents. The use of solid injection and a general simplifi- 
cation of arrangement coupled with the undoubted high efficiency are making this type an attractive 
proposition on routes where cheap oil can be obtained. Mr. Witt’s statement on page eight with regard 
to the low cost of upkeep of Diesel engines is I think open to some doubt. : 

As far as I know welded seatings have not been adopted in this country but with a strong bedplate 
bolted to the tank top, good plating, rimed holes and the judicious use of the drill, particularly in three-ply 
work, the results leave little to be desired. 2 : 

Nothing has been said about the development of the electric drive in Germany ; some information 
on this subject would be of interest. 
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As Mr. Witt’s paper is more a statement of facts than an expression of opinion, there is not a great 
deal of opportunity for discussion, but I have pleasure in expressing my appreciation of the able manner 
in which the author has dealt with his subject. 


Mr. P. T. Brown. 


The contribution of papers to the Staff Association has been almost a monopoly of the Home Staff, 
and it is a particularly pleasing circumstance to find one of our German colleagues breaking ground with 
a most comprehensive and interesting paper. 

That there are greater possibilities of improving the present economy of steam engines than of 
Diesel is undoubtedly true, but I think the author is unduly optimistic in foreseeing the supercession of 
the Diesel engine. In its present form it has limitations, but Diesel engineers have not revealed 
themselves as being tied to stereotyped practice, and a revolutionary design of oil motor may at any 
time appear. 

Trouble with piston rods in “ Augustus” is referred to. It could be wished that the particular 
trouble be described and the name of the ship omitted. ; 

The remarks on engine seatings are, in the main, agreed with, but I find it difficult to attain the 
degree of accuracy requisite unless the seating plates are machined. Such practice obtained in this district 
and, with machining of the underside of bedplate, a really solid job results. A very large proportion 
of the holding down bolts, too, are “ fitted.” 

The remarks on the use of electric welding for construction of engine seats are welcomed as, no 
doubt, much valuable information will be obtained from experience with auxiliary seats as built. One 
advantage of such system is that the danger of rivets being cut out completely by the drilling of holes for 
holding down bolts is entirely removed. 

The author refers to welding of combustion chamber wrapper plates. 1 regret being unable to agree 
on this point. One riveted joint situate below the top row of side stays offers very little liability to leakage, but 
the possibility of a weld giving way is a serious consideration. One firm of boilermakers recently tried 
welding of wrapper plates with disastrous results. The failure of three welds was the price of the experiment. 

Hammer welding of back tube plate to the furnace is good practice, but rather expensive, and 
annealing is not a case of “if possible ’’—it is essential. 

I am not at all keen on the practice of oxy-acetylene welding of furnaces for cross tube vertical 
boilers. The difficulty is in the flanging of ogee after welding. Should the weld actually give way in 
forming the ogee, the defect can be made good, but the trouble is that invisible defects may be left which 
will only show when the boiler is put in use. 

The information given on extra high pressure boilers is particularly interesting, not the least feature 
being the detail sketches of stop and regulating valves. 

I find the description and drawing of the Schmidt Borsig engine very interesting, and hope the 
author may be able at a future date, possibly in his reply, to give us some particulars of its performance. 

Could he give us the clearance volumes ? 

I thank the author for this valuable addition to the proceedings of this Association. 


Mr. W. BEnnerr. 


I have read Mr. Witt’s instructive and interesting paper on “ Recent Developments in Marine 
Engineering in Germany,” which covers a great deal of ground in the particular subject under discussion. 

I only wish to refer to pages 7 and 8 and Fig. 5, in which I observe the only engine seating 
prescribed is one having continuous longitudinal girders and intercostal floors. I understand considerable 
correspondence has taken place between the builders of some of the recent large American yachts built in 
Germany, and the respective designers in New York, having reference to the foundations under Diesel 
engines. Their contention is, that according to their experience, the stresses under the main engines act 
chiefly in a transverse direction, accordingly they prefer the floors to be continuous, and the girders, 
either intercostal or forked over same. This disposition of the structure under such engines is not 
altogether new, as a somewhat similar arrangement has been fitted ina number of large yachts built by 
the Bath Iron Works at Bath, Maine, and so far as the experience of these yachts in practice shows, the 
arrangements mentioned have been justified. 
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In my experience, particular care should be exercised where the seatings are raised high above the 
tanktop, as the rivets at the top of the girders have a tendency to loosen up if not well riveted and 
supported, and besides, are extremely difficult to renew. Electric welding has been resorted to in some 
cases of this kind with apparent success, and some of the owners of U.S.A. vessels have even supplied a 
welding outfit to their chief engineers for emergency use on the engine seatings. The vertical clips 
connecting the girder brackets to the girders should be run up and made a metal to metal fit against the 
top angle of the girder, or welded thereto. 

I would like to know if Mr. Witt has any criticism to offer with regard to the above details, and 
whether he can verify if it is the general practice in Germany to dispose the construction under the Diesel 
engines in a transverse direction as far as possible, or what other arrangements have been found by experience 
to be most suitable for this purpose. 


Mr. V. Sprowoxk. 


I have read with the greatest interest Mr, Witt’s excellent paper on “ Recent Developments in 
Marine Engineering in Germany,” and, if there is no objection, I should like to make some additional 
remarks on the subject. 

Without any doubt keen competition will arise in the near future with regard to ship propulsion, 
provided the economical conditions of those concerned in the shipping trade will allow of expensive 
investments for investigations and experiments. 

So, one will see the two opponents—the 2 8.0.DA heavy oil engine with direct injection, geared or 
not geared, and the extra high pressure boiler with the geared high speed turbine—fight their way. 

Will an industrious brain be found to combine all the factors of fuel economy, reduction of space 
and weight, reliability and—last not least—high resistance to wear and tear in all parts and a small 
repair bill to their supreme limit ? Or will more moderate pretensions steer a middle course, avoiding all 
these extremes, of course under an absolute predomination of the “safety first”? Comparing the 
so-called ‘light construction” of a 2 8.C.DA heavy oil engine with direct injection, now installed in the 
“pocket battle ship,” to a 2 §8.C.DA direct injection heavy oil engine of the same output—this latter 
for the last two years being the standard design and “latest edition” for merchant ships—one comes 
involuntarily to the conclusion that in the near future this standard engine for merchant ships will 
follow its predecessors on the scrap heap (figuratively speaking). The pocket battle ship engine type 
with its bed plate and columns welded from steel plates, cylinders and covers in one piece of solid drawn 
steel, the small space of this engine occupied for the same B.H.P. gives the impression of a splendid 
realisation of advanced engineering ideas. 

The competition of extra high pressure steam, together with the need for reduction in space and 
weight will no doubt compel the Diesel designer to adopt the “ light construction” for ship propulsion in 
merchant ships, perhaps with slight modifications. The crystallizing process—the simplest, the best—is 
under way. Therefore the 2 8.C.SA engine will toa certain degree always keep its merits in the tanker 
business. In some petrol harbours the tanks must be emptied after 12 hours mooring in the port. 
Within this time of 12 hours a 2 8.C.SA engine can be opened out and overhauled in all its vital and 
important parts, closed up again and the ship will be ready for sailing within these 12 hours. Whereas 
a 2.8.C.DA engine cannot be inspected within this time, so that the delay means considerable loss for 
the owner. In the opinion of some superintendents highly experienced in this matter, the amount of oil 
cargo transported per B.H.P. of the vessel under discussion will therefore be greater and the costs lower 
when this oil cargo is shipped in a 2 8.C.SA engined tanker. 

With regard to the solid injection I may amplify Mr. Witt’s paper and add some remarks about the 
great deal of work to be fulfilled before satisfactory success can be obtained. 

The endeavour to simplify the 2 8.C.DA as well as the 4 8.C.SA direct injection engines has caused 
the adoption of the needle-less atomizing nozzle or open nozzle. Please note Mr. Witt’s paper, Fig. 13 at 
the right hand side. In order to obtain a really excellent atomizing and mixing effect between 
combustion air and solid injected fuel oil, either the injection pressure or the maximum combustion 
pressure must be raised whenever using needle-less valves. The output with the guaranteed fuel 
consumption and good exhaust must be attained in any case. Sometimes this offers many difficulties, 
such as altering the diameters of the orifices in the nozzles, clearance of the rollers or the stroke of the 
fuel oil pump rams, the tightening of the packingless fuel oil pump rams and the pipe connections of the 
fuel line. The raising of the combustion pressure in the cylinders by earlier injection of fuel always 


10 


means trouble with the supervision, since the diameter of the crankshaft is culculated only for a certain 
pressure in the cylinders. Most standardizing methods, also very often certain reasons of “ reputation,” 
cause the engine builders in their application for approval of a crankshaft to stick to as low as possible 
maximum combustion pressure. Further difficulties in the use of patented devices consisting of a special 
inlet valve fitted with a deflector segment for causing better whirling and mixing of the combustion air 
and the atomized fuel, have caused the abandonment of the “latest design” of the needle-less atomizer 
and the return to the needle valve formerly used. Please note Mr. Witt’s paper, Fig. 13 left. Up to 
now it has not yet been possible to obtain, especially with lower grade fuel oil, a good fuel consumption 
by direct injection with needle-less valves at. comparatively low injection or combustion pressure, also we 
should not forget with needle-less valves the smoking exhaust when altering the load and the dripping 
and coking of the nozzle. 

As far as { know the best fuel consumption has been 162 gr. per B.H.P. obtained in a 4 8.C.SA 
direct injection engine of 500 B.H.P. with a so-called “accumulating valve” this latter being however 
somewhat complicated. The spring loaded plunger being fitted for the purpose of keeping the fuel line 
under constant pressure even at the moment of “release,” vibrations in the fuel line and dripping are 
practically eliminated by the quick closing of the needle valve. 

The 2 S.C.DA direct injection engine with independent scavenge blower has undoubtedly a 
remarkable degree of mechanical efficiency, about 90 per cent. Investigations and tests are being made 
now having in view a new type with further simplifications, doing away with the whole of the fuel oil 
pump camshaft and its toothed wheel drive from the crankshaft. The fuel oil pumps located on the 
cylinder covers as near as possible to the fuel injection valves, are operated by cams arranged on the out- 
side of the crank webs by means of well guided pusher rods. Advantage, none or very short fuel piping 
and in consequence ‘no vibration, dripping or coking of the nozzles. 

As can be observed on the test bed where the top and the bottom sides of the cylinders of a 28.C.DA 
direct injection engine are connected to separate exhaust lines, the combustion and scavenging are worse 
on the bottom side, due to the fact that these two processes are being influenced by the piston rod. 
Probably this loss of efficiency will lead to a complication of this type of engine, so simple in every respect. 
Investigations and tests are being made to improve the efficiency of the engine by throttling the exhaust 
ports, but the advantage of gaining a fair amount of effective piston stroke, improved “ loop” scavenging 
and charging will be diminished by the necessity of cooling the throttling device and the complication of 
the whole engine by its drive. In my opinion the “cross” scavenging (Sulzer) with its double rows of 
admission ports on one side of the cylinder, the upper rows kept closed by means of automatic valves, with 
a certain overcharging effect, is the best and simplest solution of the whole scavenging problem, with the 
exception of course of the so-called “end to end” scavenging. 

Mr. Witt mentions the case of the “ Augustus” piston rods. I do not think that only the radial 
holes for the cooling water inlet have caused the disaster. Fairness demands Audialur et altera pars 
(The other side must be heard too). After a careful and impartial investigation of the case, the “ State’s 
Testing Board” made the following statement :—‘‘on the walls of the radial holes circular tensions of 
37°5 ke. per sq. mm, and at a distance of about 13 mm. from these walls longitudinal tensions of 31°7 kg. 
per sq. mm. have been found, ‘These tensions attain almost the fatigue strength, found for this material 
to be about 35-40 kg. per sq. mm. The tensions are far above the limit which is generally allowed for 
the stress applied to a material, Therefore, when increasing the load, be it only to a small degree, due to 
fluctuations and alterations of the load, or corrosion, etc., these tensions are likely to favour the fracture 
of the material toa very high degree.” The broken rods, of crucible carbon steel of about 70 kg. per sq. mm. 
tensile strength in an annealed state and with a percentage of carbon of say 0°68-0°78 per cent., have 
been quenched in oil from a temperature of 830-850 centigrades and subsequently reheated to 650 
centigrades. I am not going to discuss the question whether this latter process has been carried out by 
the steel makers or not. Altogether it was not a good practice, hardening and reheating carbon steel of 
70 kg. per sq. mm. Now the engine builders prescribe for their piston rods made in the steel works the 
following quality of material and heat treatment :—S.M. carbon steel of 55-60 kg. per sq. mm. tensile 
strength. After forging, heating to the upper critical point A;, cooling down in the air at a normal rate 
of, say, to 200 centigrades, in order to refine the grain ; reheating to 650 centigrades in order to remove 
the tensions attained by the cooling down in the air (so-called ‘air hardening”). Then a slow cooling 
down in the furnace will follow. After rough machining and boring the central hole, there will be a 
further annealing to 500 centigrades followed by slow cooling down in the furnaces, in order to remoye 
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those tensions which might have been caused by the working on the lathe. Finally the surface of the rod 
and the bore is smoothed. With the exception of the latest troubles which occurred in a Japanese ship, 
the piston rods treated in this way have worked satisfactorily, these rods being of course of the new design. 

Regarding the cylinder liners I should like to amplify Mr. Witt’s remarks. The use of cast iron 
with a proportionally high percentage of scrap steel gives good results even when casting the complicated 
liners with water cooled exhaust ports, in spite of the reduced fluidity of the liquid melt. Therefore the 
temperature in the cupola furnace must be high, and with a little lower temperature the liners are 
vertically cast into a well dried mould. T.ower silicon percentage reduces the elimination of free carbon 
and the high temperature produces a good distribution of the latter. The perlite-ferrite matric mass 
shows a tendency to the more perlitic form of the micro structure. The enclosed particles of graphite 
interspersed in the structure appear as fine needles so that the coalescence of the matric mass is not 
interrupted. With a B.H. of 160-180 and a tensile strength of 20-25 kg. per sq. mm. this material gives 
good results against wear. The improvement of the quality of cast iron can be obtained in different ways, 
by influencing the perlite-ferrite matrix mass and the formation of graphite. All these proceedings, 
however, are not justified unless the costs of the final products are within reasonable limits. Therefore 
they often use cast iron for liners with a higher percentage of phosphorus. Phosphorus favours the 
elimination of graphite and forms at higher percentages distinct eutectics of phosphides. It is however a 
mistake, often heard, that a large amount of free carbon in the micro structure will have the effect of 
smoothing a running surface. On the contrary, the more ferritic matrix mass is soft and offers less 
resistance to liner wear. An exceptionally high percentage of phosphorus must be present in such a 
material in order to form a fine and well distributed network of phosphide eutectics on the surface of the 
liner wall, thus giving a fair resistance against wear. The trouble however is that this hardness, obtained 
by the phosphide eutectics is only apparent and does not really improve the perlite-ferrite matrix mass. 
On the contrary the casting as a whole will be deteriorated in its tensile strength. Needless to say that 
an outside and inside inspection, hammering and hydraulic test do not show the real quality of such a 
material. Here the carrying out of bend tests and tensile tests would be advisable. Uniformity in the 
use of these tests has unfortunately not been attained. Samples cast in a separate mould are of no use as 
they do not exactly characterize the quality of the casting. The samples must be provided directly on 
such a place of the casting which represents the middle wall thickness, thus giving a fair knowledge about 
the influence of the cooling down period of the casting itself. Regarding the often heard discussion 
whether bend tests or tensile tests are likely to give the most exact results, | can only say that nowadays 
for cast iron the tensile test is coming more and more into practice in Germany. These latter tests made 
with a cast iron of a good quality show better results than bend tests with the same material. On the 
other hand bend tests made with a cast iron of a lesser quality give better results than tensile tests of this 
material. Excellent results against liner wear have been shown by a material with nearly perlitic matrix 
mass, high percentage (14 per cent.) of scrap steel, high phosphorus contents (0°7 per cent.) finely distributed 
graphite, low silicon, and molten at a high temperature of 1,400 centigrades, B.H. 220, tensile strength 
27 kg. per sq. mm. It may be observed that the relation between B.H. and tensile strength with cast 
iron are not the same as with steel. 

To the question of the pulverised coal-fired boilers, raised by Mr. Witt’s paper, I beg to add that 
pulveriser beaters, coal dust and its storage, and gritty smoke out of the funnel, will not be considered 
as very agreeable elements on board a ship. I remember a 100 tn. coal dust fired Léffler boiler, having 
a radiator chamber especially designed for coal dust firing, and showing, in spite of this, very bad 
combustion. Only with the aid of an emergency oil burner has it been possible to obtain a better 
combustion, but I am sure that in the U.K. all these problems haye already been solved. The piston 
pump for this extra high pressure Léffler boiler, for circulating the raised steam through the system, and 
coupled directly with a slow speed electric motor, was of abnormally large dimensions. A good deal of 
trouble arose from the erosion of the blading of the high speed turbine. In my opinion the two 
pressure system should receive more consideration than any other system, avoiding expensive high 
pressure heating surfaces in the region of the low heating gas temperatures. But, nevertheless, all these 
problems will be solved in a near future by engineers of skill and advanced ideas. The engine room 
staff, having already overcome the fear of high speed (horror rofandi), it will certainly overcome also 
the horror premendi, or the fear of the high pressure. 

In conclusion, I wish to express my very best thanks and appreciation to the author for his valuable 
paper. 
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REPLY BY THE AUTHOR. 


Our President, in referring to welded seatings, suggests that only actual experience can demonstrate 
the efficiency of the system. In fact, the number of cases is few, and time in service is too short, to 
draw definite conclusions, but I may say that welded seatings are worthy of more than mere comment. 
Comparisons between welded and riveted seatings in existing sister vessels have shown that with the 
former less vibration could be observed, confirming that they are stiffer and more rigid. Classification 
Societies, of course, have to be careful; before definite Rules are established a system must have proved 
to be efficient and reliable. As stated in the paper, the system is, in the case of high powered 
installations, up to now only used for auxiliary Diesel engines. I may draw the attention of my 
colleagues to the fact that, in Germany, several vessels, some of them up to 650 tons (the latter Diesel 
driven motor oil lighters), are built by using electric welding, and which have given, up to now, full 
satisfaction. *Further, that on two new passenger boats, now under construction, electric welding will 
be applied to a great extent, amongst other parts, the main seatings will be electrically welded to about 
$0 per cent. Highly vital machinery parts, e.g., bed plates, casings, primary and secondary wheels of 
“Vulcan” hydro-mechanical gears, are now being completely electrically welded, even for powers up to 
several thousand H.P. in Diesel driven naval ships. 

Mr. Dorey’s contribution to the discussion is very welcome, especially from the consideration of his 
experience with high pressure boiler tubes and with the material used in their manufacture. 

I agree with Mr. Dorey that at the present, so far as marine work is concerned, it appears that for 
steam temperatures now in use (700 to 750° I.) mild steel tubes are sutlicient and reliable. Tests made 
in Germany, from tubes taken out from a superheater having about 24 months’ service, with a pressure 
of 400 Ibs. per sq. in., and a temperature of 700° F., showed very satisfactory results. Tubes have been 
taken out from voyage to voyage and were longitudinally cut; the internal surface of these samples 
were found to be in good condition and no alteration of the mechanical properties has been experienced. 
Only one tube showed deterioration in way of the curvature, probably caused by steam decomposition, 
due to an obstruction found in the tube. 

I am very sorry of not being able to give further details of the Benson boiler as, up to now, nothing 
has been published by the builders or owners, but it is understood that a detailed paper will be read by 
Dr. Frahm (Messrs. Blohm & Voss), in near future, before the “Schiffbautechnische Gesellschaft” 
(German Inst. of Naval Architects). 

Mr. Dorey asks for my opinion with regard to mechanical tests necessary for alloy steels suitable for 
high temperature work. Correct results of creep tests cannot be obtained by short tests; long time tests 
in the laboratory, however, are, in many directions, very elaborate and expensive, and last, but not least, 
too lengthy. For the present, therefore, tests made for ascertaining the yield point at temperatures of 
450° C. to 500° C. or more, and these tests, compared with the ultimate strength are, in my opinion, the 
best practical and economic way. In addition, bending and drifting tests, and as for extra high 
pressures oxy-acetylene welding appears to be the best connection to headers, etc., tensile and bending 
tests, with welded samples, should be made to ascertain the property of the material with regard to 
cold treatment and welding. 

I am very much obliged to Mr. Reed for his information re fuel consumption of the “ Empress of 
Japan,’ which information was not known to me at the time I was writing the paper; 0°602 lbs. per 
S.H.P. per hour for all purposes, on a ship with great hotel load, is an extremely good result and under- 
lines the progress in marine engineering. 

I agree with Mr. Reed that with opposed piston engines, with adjacent cranks set at an angle of 
165° instead of 180°, there is an adverse effect when going astern, but the astern speed is of secondary 
importance, for example, turbine driven boats have also only about 50-60 per cent. of that of the ahead 
speed. The Junkers engines, as manufactured now, are, in my opinion, more intended for auxiliary 
Diesel engines. 

Mr. C. Macpherson refers to the feed pump of the Benson boiler on the “ Uckermark.” The work 
done by the feed pumps increases proportionally to the boiler pressure, and in an installation of a pressure 
of 250 kgs. per sq. em. compared with one of usual pressure, say 18 kgs. per sq. cm., it is about 12°5 times 
that of the latter. With small feed water quantities, the diameters of the impeller wheels of centrifugal 
pies will be very small, consequently the circumferential speed too small to get the necessary pressure. 

n the case of the ‘‘ Uckermark ” therefore, only piston plunger pumps came into question. In power 


* “Electric Welding in the Construction of Seagoing Vessels,” by G. Wahl. Transactions of the Institution 
of Engineers and Shipbuilders in Scotland, March, 1931. 
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stations with a water supply of about 350 tons per hour, rotary feed pumps are successfully used. 
It may, however, be mentioned that the degree of efficiency decreases considerably when these rotary pumps 
are not working under full load. Unfortunately no details of the feed pump construction nor any results 
of test have been published in the case of the ‘‘ Uckermark,” but it can be stated that it has given full 
satisfaction. Although the reserve of power available is small in the Benson boiler of the “* Uckermark,” 
its behaviour during manoeuvring has proved to be perfectly good. The small amount of water in the 
boiler, and the special design of the latter, allowing for free expansion of all parts subjected to heat and 
combustion gases, makes it suitable for quick raising of steam, and consequently for great fluctuations of 
load. In case of a sudden stoppage, a by-pass line is fitted to the condenser; the system is so arranged 
that with the shutting off of the manceuvring valve, the by-pass valve is opened, and hereby the surplus 
steam can flow through a steam cooler to the condenser. The control of the Benson plant is carried out 
partly automatically, and partly by hand, by means of push-button control. The object of this is to keep 
the pressure steady above the critical point of 225 kgs. in the radiation evaporator part, and to bring the 
heat necessary for the generation of steam in the boiler in balance with the required steam load, 7.¢., to 
keep amount of feed water, of fuel and of combustion air for each required load in a certain “ best” ratio. 

The regulation of the pressure is carried out automatically by the control of the regulating valve, 
that of the superheat temperature by control of the fuel pumps. 

The regulation of the necessary amount of feed water, according to the steam consumption, and of 
the necessary air for combustion, is done by hand by means of the above-mentioned push-button control 
which acts upon feed pumps and fans. 

The automatically working pressure control is shown in Fig. 108 of the paper, and acts in the 
following way. A current conducting dial fitted to the spindle of the pressure gauge, oscillates between 
two fixed contacts, the distance apart of which corresponds with the allowed difference in pressure. 
When superseding the pressure limits set by these contacts, circuits are closed for the motor acting upon 
the regulating valve. Hereby the lift of the valve is either increased or decreased. (Pressure curves, see 
Fig. 21 of the paper.) 

The temperature control is performed in a similar way ; instead of the pressure gauge, a long distance 
thermometer (Fig. 104) of special design is arranged for, by which the fuel pumps are controlled. By 
controlling the fuel supply, the temperature of the outlet steam is kept constant. (‘Temperature curves, 
see Fig. 22.) 

It must be admitted that good co-operation of the bridge and engine room staff will facilitate and 
support good manoeuvring. 

Mr. G. H. Macdonald. Unfortunately details of the 100 kgs. per sq. em. Schmidt-Borsig engine are 
not available, but the following details of another engine of the same type, with a working pressure of 
60 kgs. per sq. cm., have been published.* 


DIAMETER. Cur Orr. 
H.P. Cylinder 325 mm. 8.A. ae a 70 per cent. 
MUR oe Ist 420 mm. §.A. ae oe 70 ea 


VS Lass 2nd 420 mm. D.A. <a aes 50 rr 
MP. , 8rd GSE rim. Dolce © vet Aainsenee OD eo ey 
Pe ei 1500 mm. D.A. SPs ir 60 as 


Stroke 1000 mm. Reys. per min. 100. IHP 2500. Ratio of cylinders 1, 1°4, 2°75, 8°00 and 40:00. 


In order to obtain, with high pressure steam, a satisfactory degree of efficiency in reciprocating engines, 
it is necessary to have the steam expanded in five stages; an engine, however, with five cranks would 
occupy too much space and would be too expensive. Therefore the H.P. and first M.P. cylinders are 
arranged in tandem, having at the same time the advantage of eliminating the H.P. stuffing box. The 
fluctuations of pressure in the receivers as assumed by Mr. Macdonald are not very considerable. As can 
be seen, the diameters of the 1st M.P. cylinder and the 2nd M.P. are the same, the latter, of course, 
double acting, and a fairly good balance is arrived at by the quadruple arrangement. With regard to the 
sequence of the cranks, it will be observed that in the drawing given in the paper, the positions of the 
pistons are not in correspondence with the position of the cranks, the sequence will probably be H.P. and 
ist M.P., 2nd M.P., 3rd M.P., L.P. cranks set at an angle of 90°. Indicator cards are not available, 
but pressure-volume and “ Mollier” diagrams are given for further information in Fig. 1. 


* Schiffbautechnische Gesellschaft, 1927, 
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For the withdrawal of the H.P. piston rod of course, sufficient head room has to be provided, ¢.g., an 
opening in the upper deck usually blanked may be arranged for. The lubrication of the H.P. cylinder 
is as usual with engines working with high superheat or with Diesel engines, viz., the oil is introduced 
in that part of the cylinder where the lowest temperature is to be found. In the case of the Schmidt- 
Borsig engine, in the lower half of the H.P. cylinder arranged circumferentially at three or four places, 
the slide valve being lubricated by the steam exhausting to the Ist M.P. cylinder. 

The tubes of the Benson boiler are of molybdenum steel, with a tensile strength of 48 kgs. per sq. 
mm., the analysis of which gave Mo=0°20; C=0°15; Si=0°719; Mn=0:12; p=0:029; S=0°020 ; 
Cu=0°23. Only tubes of this material are used. As stated several tubes burst on the first voyage, but 
since the cycle of the boiler has been modified, viz., by removing the critical zone from the vicinity of the 
fire, tube troubles have disappeared. Up to the present molybdenum steel is, in my opinion, with regard 
to creep and other qualities, the best material which, at the same time, is obtainable at a reasonable price. 

I agree with Mr. Anderson that the marine engineer has a great dislike for high speed reciprocating 
engines as the working parts of these are more liable to wear. Slow running engines being larger, offer 
better access for overhauling, etc. The trend to minimise weight and space however is predominant. 
This tendency has been observed in steam plants in recent years. As a matter of fact, in Germany there 
is no reduction in the speed of rotation, on the contrary, revolutions and piston speeds have been increased 
from year to year in main and auxiliary Diesel engines due to reasons mentioned above, and the smaller 
the weight, the lower the price. Mr. Anderson’s proposal as regards fastening of false crowns is in my 
opinion good. The mushroom plug is for assisting ignition and combustion—oil of lowest grade is 
used with these engines successfully—and as the plug is interchangeable it is a cheap protection of the 
piston and was already introduced by Messrs. Krupp in pre-war times. No case of a holding bolt failing 
and causing serious trouble is known. 

Dr. J. S. Brown’s contribution with regard to Perkins and his work is very interesting and welcome 
and I would like to thank him for his information. 

As a matter of fact it is not the pressure but the temperature which handicaps the designer. Should 
the attempts of the modern steel manufacturers be successful in the search for high temperature-resisting 
steel, which at the same time could be obtained at a reasonable price, then would be the time for raising the 
temperature, for it is well known there is more saving in the rise of temperature than in the rise of pressure. 

Mr. A. Campbell is quite right in stating that the upkeep of a Diesel engine is normally considerably 
higher than that of a steam engine. In coming to this point I should have, in my paper, referred to ‘a 
certain”’ number of double acting 28.C. engines. A case especially striking shall however be noted here— 
a ship with this type of engine had an expenditure for repairs during a voyage from Germany to 
Australia and back to Germany of only £6. The ship is now about six years old and has never used the 
money provided for repairs (the owners have set out a certain amount of money for each ship for yearly 
repairs). This of course is an exceptional case and great credit has to be given to the excellent staff on 
board, but there are some more ships with this type of double acting engines giving very similar results. 

I also agree with Mr, Campbell that it is to be preferred to come to a higher degree of economy by 
easy stages, and this policy is generally followed in Germany, as can be proved by many examples, but it 
cannot be over-emphasised, if there were builders and owners willing to spend money to assist the 
problem, the high pressure system would be a success. 

That questions of behaviour of feed water, steam decomposition, etc., have not been overlooked in 
the case of the Uckermark boiler has been pointed out in the paper. 

As already previously mentioned, the welded seatings for auxiliary Diesel engines have proved, up to 
now, to be satisfactory. Combined riveting and welding for main engine seatings has, so far as | know 
in ships under construction, only been done on a big liner built for foreign account, and is contemplated 
for two new passenger boats, in the seatings of which the top angle bars and plates are hydraulically 
riveted, see Fig. 7. The seatings of the former (partly elevated double bottom) were originally fully 
riveted, but, at the request of the owners, additional welding has been applied, due to experience gained 
with the sister vessel which was previously built, and where seating troubles had been cured by additional 
welding. In other cases where repairs have been carried out with existing seatings, and where re-riveting 
would have necessitated the removal of the main engines, which could not be done due to lack of time, 
the additional welding met with good success. In any case, when new seatings are proposed to be made 
by combined riveting and welding, the utmost caution has to be exercised with the fitting and riveting 
of the separate parts, as welding will not always compensate bad workmanship. 


15 


I quite agree with Mr. Davis that the present situation in marine engineering attracts the stunt- 
monger and the ingenious gadget producer. It must be borne in mind that inventions are not always 
improvements and economy in production very often is not attended with efficiency of result. 

Mr. H. L. Sutherst. Longitudinal joints of plain furnaces are oxy-acetylene welded in the majority 
of vertical donkey boilers made by German yards. The flanging of the ogee ring is not by any means 
difficult, and the welds, in all cases under consideration, have not shown up any defects. New plain 
furnaces to be corrugated later are, so far as my information goes, not longitudinally welded by the 
oxy-acetylene process, these furnaces being chiefly made where the works have large gas welding and 
pressing equipments. 

I see no reason why it could not be done by this process, the weld should however be hammered 
during the welding process in order to obtain better ductility of the material. As heated up for the 
corrugating process eventual stresses caused by the welding are dispensed with. Mr. Sutherst asks for any 
results of exhaust boilers after a considerable time of service. Many exhaust gas fired donkey boilers have 
been in service for about six years and more, and only some of these showed wasting at the water level ; 
no ill-effects on the tubes has been observed. Corrosion has been found at places in donkey boilers and 
especially in exhaust-gas feed-water heaters where the hot gases impinge on cold surfaces and thereby 
moisture happens to appear. As is known, if the fuel contains a certain percentage of sulphur, the exhaust 
contains sulphurous oxides which in the presence of moisture form sulphuric acid. The latter attacks 
wrought iron and steel very rapidly and forms corrosion. On several feed-water heaters recently, therefore, 
the tubes are protected by a thin coat of lead. 

Mr. J. D. Macdonald. ‘The Benson boiler is at the present still more or less in the experimental 
stage but deserves in my opinion serious consideration. The opinions expressed to me by several gentlemen 
in connection with the job are very encouraging. 


With regard to the upkeep costs of Diesel engines I may refer to the remarks previously made. 


Mr. Macdonald draws attention to the electric drive and asks about its development in Germany. 
There are only a few small Diesel-electric driven plants built in Germany on the D.C. current system, for 
foreign account, and although there are many adherents it can be stated that important marine engineers 
are not in favour of this method of transmission of power in ships. The latest P. & O. steamers are being 
watched with great interest and it is not overlooked that the turbo or Diesel-electric drive has many 
advantages for cruising purposes with maximum possible economy in fuel, but for high speed Atlantic 
ships, the position seems to be at the present, still unfavourable. The main drawback is to be found in 
the duplicate conversion of mechanical power into electrical and this again into mechanical. A conversion 
of power is always accompanied by losses and these losses may be reduced, but not fully balanced, in this 
case by the greater efficiency of the turbine of power station type compared with a reversible one, and also 
by obtaining the best propeller speed and the best speed for the prime mover. Another disadvantage is 
the fact that duplicate conversion is identical with a more complicated installation and with increased 
weight. According to figures given by Dr. Bauer (Schiffbautechnische Gesellschaft, 1980) the conversion 
losses are assumed to be 5-15 per cent., the smaller figure of course for high power plants. Installations 
of the so-called light design are still 5-10 per cent. heavier and last but not least, cost about 20 per cent. 
(according to estimates, etc.) more than a geared turbine plant. 


Mr. P. T. Brown calls the partisans of the steam drive “unduly optimistic,” but it must be admitted 
that, after all, fuel consumption is not the only consideration and water tube boilers and high pressure are 
strong competitors as space and weight savers. It is undoubtedly true that the competition of Diesel 
versus steam has spurred on the steam engine designer; but as the conditions being at present such that 
the efficiency is only being improved by extracting as far as possible the last B.Th.U. from the waste gases, 
we can only hope for improvements in detail and better reliability, as without reliability many other 
advantages are very much discounted. It may be that materials and lubricating oils will be improved in 
the near future, that cooling of parts such as cylinders and pistons can be dispensed with, and herewith 
the heat still carried away in the cooling medium is saved so giving another aid to efficiency. The so long 
expected internal combustion turbine is still in its infant stage. Diesel engineers hope for its near advent 
and many experiments are carried out with more or less success. In this direction it may be of interest to 
know that some weeks ago Dr. Holzwarth, the well known designer of the Diesel turbine, has claimed a 
patent for a new alloy for Diesel turbine blading. No one is in a position to judge of what the future 
exactly holds for marine engineering ; whether the Diesel turbine will become a success remains to be seen. 
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The steam engineer however is not willing to surrender his field to the internal combustion engine and is 
now making attempts to realise the advantages claimed for high or extra high pressure steam turbine 
installations with a remarkable success. 


With regard to the mentioned piston rod troubles in double acting 2 8.C. engines (with fresh water 
cooling) I was fortunate to obtain some photos of rods which failed due to the radial holes. These photos 
may serve for further demonstration. Figs. 24 and 28 show longitudinal and transverse sections of the 
piston rods in way of the holes. Fig. 8 is a piston rod after two voyages, and here small cracks are already 
visible in way of the holes. Fig. 4 shows a piston rod finally fractured. The designers first claimed bad 
or wrong treated material. Now I had the opportunity to inspect the piston rods of two sister vessels, one 
had material of 73 kgs. tensile strength and 17 per cent. elongation on 100 mm. gauge length, C=content 
0°59, heat treated ; the second Siemens-Martin steel of 55-60 kgs. and 25 per cent. elongation on 100 mm. 
gauge length, C=content about 0°35, annealed and air hardened. The cracks in the latter although the 
ship had made one voyage more than the former were not so far advanced and not of such serious nature 
as those of the first rod. Another 2 8.C.DA Diesel engine with sea water cooling had piston rods of 
special material of a tensile strength of 75 kgs. per sq. mm. by 17 per cent. elongation at 100 mm. gauge 
length. It was heat treated and specified to be sea water, acid and burn proof. After 16 days running 
on the trial beds, one rod fractured through the holes and the remaining showed more or less cracks in 
way of the holes. In cases Nos. 1 and 3, wrong treatment of the material (see Mr. Sdrowok’s contribution) 
may have been contributary, but in my opinion, the cause of the troubles is chiefly to be found in the 
design and not in the material. My opinion is based on the following consideration (see Fig. 5). 
The centre of gravity in a regular annular section is right in the centre, this point, however, moves out 
of the middle position as soon as a part of the material is cut out. In the case of the rods, all these 
centres in way of the radial holes form a curve, and under alternative stresses the material will fatigue in 
way of the weakest point, finally resulting in cracks. Rods of modified design where the inlet and outlet 
of the cooling water are arranged in the centre of the rod at the lower extremity have not failed. It may 
be mentioned here that rods of Siemens-Martin steel with a tensile strength of 55-60 kgs. have proved 
very satisfactory, also rods made of annealed clrome-vanadium steel with a tensile strength of 65-70 kgs. 
per sq. mm., and an elongation of 20-17 per cent. measured on 100 mm. gauge length have given good results. 


It is usual in Germany to machine the underside of Diesel engine bed plates, also to plane seating 
top plates. 

Welding of combustion chamber wrapper plates is done on the oxy-acetylene process by an important 
German yard exclusively, with a full measure of success. There is no case known where a joint has failed. 
By the same firm, the welding of the back tube plates to the furnaces is done by means of oxy-acetylene 
process, not hammer welding as assumed by Mr. Brown, but the weld is hammered during the process, 
thus increasing the ductility of the material. With new boilers these parts are annealed. The remark 
“if possible” refers to repair work where several defective furnaces have been replaced by new ones, and 
these new furnaces have been welded to the old back plates; in these cases, of course, annealing is 
impossible. Some of these welds were made six years ago, and not one has given, up to now, any trouble. 
As mentioned before, the flanging of the ogee ring in longitudinally oxy-acetylene welded furnaces of 
donkey boilers, has not given any trouble. I, personally, have been present during flanging of the ogee 
ring in way of the weld, and I must state that the weld stood alright, but even when it would have 
failed during the flanging process, the defective part could have been rewelded without any harm. Several 
firms have, due to reasons of cheapness, replaced the ogee ring by a forged one. 


With regard to the Schmidt-Borsig engine, I may refer to the explanations given in replying 
to Mr. Macdonald. 

Mr. W. M. Bennett refers to seatings, and remarks that the seating shown in Fig. 5 of the paper is 
one having continuous longitudinal girders.. As it is welded, it is of no importance whether the 
transverse or longitudinal girders are continuous, as the attachments here are rigid and give no chance to 
breathe. Fig. 8 of my paper shows clearly the condition of the riveted and the welded connection under 
load; the riveted one shows the opening up, and, under alternative stresses, this connection will breathe. 
This is, with regard to transverse stresses, very unfortunate, and it plays a great part in the 
correspondence referred to by Mr. Bennett. The American designer had laid down the main section of 
the yacht in question, also the foundations for the main motors, and as the latter were not in accordance 
with the experience of the builders they submitted new proposals, which were based on long experience. 
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The yard had made, in recent years, exhaustive investigations and measurements, especially on large 
motor driven yachts, for the elimination, or at least minimising, of hull vibrations. It is known, that 
with Diesel engines, oscillation stresses are greater in the transverse than in the longitudinal direction, 
due to the crosshead guide pressures. These stresses will logically affect the hull also in the transverse 
direction. In determining the vibrations transferred by the motors to the seatings, the latter are 
considered as a girder firmly fixed midships, and at the ends of these girders the motors are resting. By 
this assumption the transversal inertia momentum plays an important part, and it can only be correctly 
determined with continuous transverse girders. ith intercostal frames, cut off in way of the 
longitudinal girders and connected to the latter by angle bars, the inertia momentum is reduced to a 
minimum, as the wings of the angle bars allow for breathing, thus forming an elastic connection, but 
hardly a rigid one in the transverse direction. (Here, in my opinion, is the secret that in the comparison 
between welded and riveted seatings for auxiliary Diesel engines, the welded ones have proved to be more 
rigid.) By the above stated reasons several German yards prefer continuous frames, or a forked 
arrangement, in which the transverse frames are continuous and the longitudinal girders slotted and laid 
over the former. In each case, however, the top angle bars and plates are continuous, so forming a top 
girder which is still sufficiently strong. As pointed out, the stresses created by the main motors are chiefly 
acting in the transverse direction. Bending stresses in longitudinal direction have only little influence, 
whilst with regard to hull vibrations, bending stresses of the shell plating, caused by the main engines 
in the transverse direction, have the greatest influence on the vibrations, especially in way of the round 
bilge as being the location exposed to greatest bending, as proved by many measurements of the yard. 


The practice adopted by several firms to deepen the bed plates and bolt the same direct to the tank 
top, which is considered to be one of the best ways to eliminate seating troubles, is practically based on 
the same ideas, as the frames in the double bottom are continuous and the girders under the holding 
down bolts are intercostal. The recent fitting of strong side chocks, which have proved so successful, is, 
after all, a sign of heavy transverse stresses, which have to be taken up in order to prevent loosening of 
attachments. Seatings, raised high above the tank top, are made here with great care, and all parts are 
made metal to metal, holes drilled, reamered and, where possible, hydraulically riveted. Very often, 
troubles observed with top girders may be eliminated by another design, to be shortly carried out here 
for a small Diesel engine, Fig. 6. As can be seen, the longitudinal girders are formed by heavy H bars, 
side brackets are welded to the web, and the holding down bolts (in this case studs) are in direct line 
with the webs. Another design is shown in Fig. 7. The seatings are electro welded to 90 per cent. 
Oniy the top plates and angle bars are riveted. 


With regard to additional welding for new or repair jobs 1 may refer to the remarks made when 
replying to Mr. Campbell. 


Mr. V. Sdrowok deserves hearty thanks for his valuable contribution re solid injection and the 
material for piston rods and liners. With regard to his remarks on Diesel driven tankers and the time 
necessary for overhauling in ports, I may say that the latest orders of one of the most important oil 
companies are for 2 8.C.DA compressorless main engines and exhaust gas steam driven auxiliaries. I 
cannot see any reason why these double acting engines should not be overhauled in the same time (12 hours 
as given by Mr. Sdrowok) as single acting ones. This time can only be sufficient for usual overhauling 
and minor repairs. With a good engine staff the expenses for repairs will probably be the same, at any 
rate not higher than with single acting engines. 


With regard to piston rods I may refer to the explanations given above. Wrong treatment of the 
material may have been contributory in causing the fractures in way of the radial holes, but, in my 
opinion, after all it was a wrong design, and this is clearly stated by the fact that all designs of this kind, 
without any exception, have been altered. 


In concluding, I wish to thank Mr. Dorey for reading the paper and all the trouble he has taken in 
this matter, also my colleagues for their kind reception. As the paper is of a more or less descriptive 
character it does not offer much opportunity for discussion. If the information which I have been 
fortunate enough to be able to supply has had the result of stimulating interest in the various subjects 
reviewed, and if I have been able to supply details of general interest to my colleagues, my object will 
have been very pleasantly attained. It has certainly been very gratifying to have had my paper so kindly 
received, and the constructive criticisms in the discussion have been most encouraging. 
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THE HISTORY OF BRITISH FREEBOARD 
REGULATIONS, 1922-1930. 


By W. WATT. 


ReaD 77TH JANUARY, 1931. 


In November, 1923, I had the honour of reading a paper before the Staff Association, on the “ History 
of British Freeboard Regulations.” This paper dealt with the various attempts which had been made to 
solve the problem of a suitable loadline for sea-going ships of all known types, and with the various 
regulations published by the Society and by the Board of Trade. 

The last section dealt with the report of the Loadline Committee (1913-16), and with the criticisms 
passed thereon by an International Conference held under the auspices of the Chamber of Shipping of 
the United Kingdom in May, 1922. The hope was expressed that in the near future the revised 
regulations, modified perhaps in some respects, would be adopted, not only in this country, but in all the 
maritime countries. 

In the discussion following the reading of the paper it was suggested that it would be possible to add 
an account of what, it was confidently anticipated, would be the final form of the revised regulations, 
before the annual volume of the Association’s transactions was published. 

Progress has not been so rapid as was anticipated, much discussion has taken place, and many modi- 
fications have been made in order to secure International agreement, timber carrying ships and tankers 
have been brought within the scheme, and in 1930 an International Convention was signed in London by 
the representatives of practically every Maritime Nation in the world. When this convention is ratified, 
world uniformity will have been achieved, and on 1st July, 1932, all sea-going ships, with only minor 
exceptions, will have been brought within the scope of the convention. 


1923 LoapLINnE COMMITTEE. 


At a conference of the Loadline Assigning Authorities, held on 8th December, 1922, it was decided 
that the Rules for the Assignment of Loadlines to Merchant ships, which had been framed by the 1913-15 
Loadline Committee as a suitable basis for reference to an International Conference, should be carefully 
examined in the light of present day knowledge and experience, with a view to exploring the possibility of 
their adoption and application, with any necessary modifications, to new and existing British ships. 

For this purpose a committee was appointed consisting of technical representatives of the Board of 
Trade, Lloyd’s Register, British Corporation and Bureau Veritas. 

This committee, while agreeing that the 1913-15 Rules ensured accuracy, simplicity, directness of 
application, and equitable treatment of different types of steamers, made certain recommendations with a 
view to meeting the objections raised by the Chamber of Shipping International Conference, and to bring 
freeboards into closer agreement with those obtained under the 1906 Regulations. For this purpose, 
modifications were made in the standard sheer, standard height of superstructures, length-depth ratio, 
allowance for superstructures, transverse strength formule, security of hatches, and the construction of 
ventilators. A section was added dealing with ships of abnormal types and forms. 

The committee expressed the opinion that the amended Rules should be applied after due notice to 
new ships, and that, at the option of the owners, existing ships might have freeboards assigned under the 
amended Rules. 
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The following additional recommendations were made :— 


(1) The conditions of assignment should be applied to existing ships as far as may be reasonable 
and practicable. 

(2) The means of closing openings in the end bulkheads of superstructures should be recorded 
on the freeboard certificate. 

(8) The deck line should be marked at the intersection of the upper edge of the freeboard 
deck with the side of the ship (this involves an alteration of Sec. 437 of the Merchant Shipping 
Act, 1894), and 

(4) The displacement on the Certificate of Registry should be at 85 per cent. of the moulded 
depth instead of at 75 per cent, as at present. 

A further recommendation was that Meetings of the Assigning Authorities should be held three times 
a year in order to secure uniformity of practice in the assignment of freeboards under the new Rules, 


LoaDLINE (ZONES) COMMITTEE, 1924. 


On the recommendation of the 1923 Loadline Committee, a committee was appointed to study the 
weather conditions obtaining on the various sea routes of the world, and to advise, having regard to those 
conditions, to what Geographical Zones the application of the special Seasonal conditions of loading 
prescribed in the British Table of Freeboards may properly be extended, and in what periods of the year 
in each Zone the special conditions of loading should apply. 

The recommendations of this committee were shown Geographically in a chart of the world 
published with their report. The oceans of the world were divided into Zones according to the 
prevailing conditions, and these may be summarized as follows :— 


North of Parallel of 36° N bed ... Winter freeboard from 16th October to 15th April. 
Parallel of 36° N to Parallel of 10° N .... Summer freeboard all the year. 

Parallel of 10° N to Parallel of 11°S ... Indian Summer freeboard all the year. 

Parallel of 11° S to Parallel of 45°S ... Winter freeboard from 1st April to 31st October. 


South of Parallel 45°S ... fe ... Winter freeboard all the year. 
The following exceptions are made :— 
Mediterranean and Black Sea... ... Winter freeboard from 10th December to 15th March. 
Red Sea... ae sh bas ..«. Indian Summer freeboard all the year. 
Indian Seas aes a) af 49% pike Summer freeboard from 1st January to 30th 
pril. 


LoapDLINE CoMMITTEE, 1925. 


The 1923 Loadline Committee were called in 1925 to consider recommendations concerning their 
report which had been made by the various Classification Societies and the Shipping interests. Various 
modifications were agreed to, and a report was drafted but never signed. Comment on this report cannot, 
therefore, be made. 


INFORMAL COMMITTEE ON CoaL CarRYING SHIPS. 


Following the loss of a number of coal carrying ships, an informal committee, consisting of 
representatives of the Board of Trade and of the Chamber of Shipping, was appointed. 

This committee issued three reports on the following dates, viz. :—10th April, 1924, 15th May, 1925 
and 28th July, 1927. 

The first report made recommendations regarding security of hatches, height of hatchway coamings 
and the loading of cargo particularly in the case of ships known to be tender. 

The second report made recommendations regarding hatchways, particularly those hatchways which 
are more en 60 per cent. of the breadth of the ship, and suggested a specification for the composition 
of tarpaulins. 

The third report dealt further with the security of the hatchways, and in addition laid down 
recommendations regarding stability, and suggested suitable proportions of breadth to draught on a 
basis of breadth of vessel, for vessels haying (a) double bottoms and (5) single bottoms. 
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_ Following on these reports, the Board of Trade issued instructions to Surveyors, the final instructions 
(Circular 1665) being issued in September, 1927. These may be summarised as follows :— 


(a) The regulations apply to ships not exceeding 300 feet in length. 

(b) In hatchways having a breadth of 60 per cent. or more of the breadth of the deck, each 
section of covers should be efficiently and independently secured after the tarpaulins are in place, 
by flexible steel wire rope or other equivalent means. Lashings are to be fitted at each end of 
each section of covers when these are over six feet in length. 

(c) Hatchways with sheer, having athwartships covers, to have longitudinal iron or steel bars 
laid over the ends of the covers and secured by cross wire rope lashings. 

(d) Two tarpaulins to be fitted over each hatchway, to be entirely free from Jute, and of the 
following weight of material before treatment : 19 oz. per square yard if to be tarred, 18 0z. per 
square yard if to be chemically dressed, 16 oz. per square yard for black oil dressing. 

(e) The bulb angle stiffener to which the cleats are attached should be not more than a foot 
from the tops of the coaming. 

(/) Hatch coamings on the freeboard deck should be the height of the bulwarks. 

(g) When the proportions are less than given in the following table, the coal is to be trimmed 
so that its surface both fore and aft and athwartships lies considerably below its normal slope, 
from October to March, inclusive. 


Normal Vessels with Normal Vessels with 
Double Bottoms. Single Bottoms. 
Breadth. 
Proportion Proportion 
Breadth Draught. Breadth Draught. 
20°0 2°24 2°17 
25°0 2°15 2°09 
30°0 2°09 2°04 
35°0 2-054 
40°0 2°03 
45°0 2°01 


For this purpose the breadth will be the registered breadth measured over the plating, and the draught 
will be that taken from the centre of the loadline disc to the bottom of the flat plate keel. In the cuse 
of vessels with bar keels, the draught should be amended by deduction of the additional depth of the bar 
keel over that of the flat plate keel ; vessels are to be considered as having double or single bottoms with 
reference to the cargo holds only. 


LoaDLIngE ComMMITTER, 1929. 


On 9th February, 1927, the Board of Trade appointed a committee. 

(1) To consider the draft rules for the assignment of load lines to merchant ships, as drawn 
up by the 1913-15 Committee, and amended by the Board of Trade in consultation with the 
Classifications Societies, and advise whether these rules, with or without modifications, should be 
adopted by the Board of Trade and applied to British ships. 

(2) To consider the report of the Merchant Shipping Advisory Committee of 1926 regarding 
the carriage of timber deck cargo, and to advise whether ships carrying timber deck cargoes can 
properly be assigned special freeboards, and if so, under what conditions. 

(3) To consider the proposals submitted to the Board of Trade by the Chamber of Shipping 
of the United Kingdom, in relation to a special freeboard for oil tankers, and to advise whether 
special freeboards can properly be allowed to such ships, and if so, under what conditions. 

The Committee were also asked on 16th July, 1927 to consider the report of the Loadline 
(Zones) Committee, 1924, and relative documents. 
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References (2) and (8) relating to timber deck cargoes and oil tankers will be dealt with under 
separate sections. 

The Committee held 89 meetings and examined 69 witnesses, including shipowners, shipbuilders, 
ship repairers, masters, marine superintendents, pilots, etc., and inspected ships of various types at 
British and foreign ports. 

After investigating the reports of Casualities which occurred during the period from 1919 to 1928, 
the committee arrived at the same conclusion as the 1913-15 Committee, namely, that there was nothing 
to indicate that freeboard had been a dominant factor in causing the losses, and that the load line assigned 
in accordance with the Rules of 1906 were on the whole satisfactory and allowed sufficient freeboard to 
ensure the safety of ships. 

Special consideration was given to the ‘conditions of assignment of freeboards,” and it was agreed 
that an annual inspection should be made of the fittings and appliances, that the Loadline Certificate 
should be endorsed by the Surveyor who makes the inspection, and that the means of closing openings in 
the bulkheads of superstructures on the freeboard deck should be recorded on the Loadline Certificate. 

An important recommendation was that classed ships, built to the highest standard of the Classification 
Rules of the Assigning Authority approved by the Board of Trade, should be regarded as having sufficient 
strength for the minimum freeboard given in the Freeboard Tables. 

The standard of strength recommended by the 1913-15 Committee was therefore rejected. 

The basis of the freeboard computation was amended, but as the recommendations formed the basis 
of discussion at the International Convention held in 1930, and were only modified in a minor degree at 
that convention, the subject will be fully dealt with when the work of the Convention is described. 

The report was signed on 13th August, 1929. 


BoaRD OF TRADE MERCHANT SHIPPING ADVISORY COMMITTEE, 1929. 


When dealing with the question of Loadline Regulations, it is of interest to consider how these 
regulations are observed, and if, and to what extent they are contravened by overloading. 

On the 28th March, 1929, the Merchant Shipping Advisory Committee were asked by the Board of 
Trade to investigate the question of overloading, and the Committee issued its report on 19th December, 1929. 

From information placed before the Committee by the Board of Trade it was shown that while over- 
loading was not prevalent in ships owned by firms of good standing, there was evidence that there was a 
considerable amount of overloading in foreign ports. 

It was stated, for example, that at Norfolk, Virginia, overloading was practiced to a very great 
extent, and that it was systematic at Calcutta, St. Lucia and Gulf Ports, the Plate, and on ships on time 
charter between New York and the West Indies and Mexico, that 50 per cent. of tramp steamers leaving 
Plate ports were overloaded, and that overloading was prevalent in ships bound from one foreign country 
to another. 

The surveyors of the Board of Trade only operate in the ports of Great Britain and Northern 
Ireland. From the returns of these ports for the three years from 1st January, 1926 to 31st December, 
1928, it would appear that there were 124 cases of overloading, 39 of these being British owned and 85 
foreign owned. Of the 39 British ships, 16 were engaged in the foreign trade and 23 in the coasting 
trade ; 22 were under 500 tons, seven between 500 and 1,000 tons, three between 1,000 and 1,600 and 
seven over 1,600 tons. Of the 85 foreign ships, as was to be expected, 84 were engaged in the foreign 
trade and one in the coasting trade. 

Of the 124 cases, 64 were in the coal trade, 55 being outward and 9 inward, and 31 were in the 
timber trade, all being outward. 

During the above period 32 British ships were lost, of which four were found on enquiry to have 
been overloaded. 

An analysis of the above cases shows that of British ships, overloading took place in one out of 
14,000 voyages on the foreign trade, and one out of 11,000 voyages in the coasting trade. Of foreign 
ships, overloading took place in one out of 1,800 voyages. 

From the foregoing it will be seen that at least in British ports the loadline regulations are observed 
to a commendable degree. 


The Committee found that— 


“beyond question the effective manner in which the law is observed in this country is, in great 
measure, due to the general recognition by shipowners, cargo owners and underwriters, that strict 
observance of the loadline is essentially ‘ good business,’ and accordingly our ships have been built 
to be worked to the best advantage on that basis.” 


The Committee found that— 


“the Maximum penalty of £100 for overloading is considerably less than the extra freight gained 
through overloading, and recommended that the penalty should be increased to such a sum not 
exceeding three times the freight on the estimated excess of cargo loaded as may be determined in 
the discretion of the court.” 


Attention is drawn to two defects in the Merchant Shipping Act which prevent action being taken 
in regard to the overloading of foreign ships in British ports. 


(1) The wording of the act merely requires the master to produce a statement to the customs 
showing the freeboard of his ship, and the customs feel bound to accept this statement without any 
inspection of the ship, and without any proof that the ship has been properly marked. 


(2) It is not possible to prosecute an offending foreign ship unless she happens to be marked with a 
loadline that is recognised by us. In other words, the foreign ship which has no loadline at all on her 
side, or one that is irregular, cannot be prosecuted for overloading, and the worst offenders in this way 
sometimes escape. 

The Committee approved of a proposal from the Board of Trade requiring the following entries to 
be made in the official log, namely :— 


(a) The particulars stated on the freeboard certificate. 
(b) The corresponding mean load draught when the ship is loaded to the centre of the disc. 


(c) The freeboard on each side of the ship, the mean freeboard, and the actual draught 
forward and aft when the ship is loaded and ready to leave the dock or harbour. 


(d) the allowances to be made in respect of density of water, the fuel to be consumed, and the 
weight of ashes and rubbish to be thrown overboard before the ship reaches salt water. 


Similar particulars are to be posted on board before the ship leaves the dock or harbour, and this 
notice is to be signed by the Master and First Mate. 

These proposals have now been adopted by the Board of Trade and will ensure a record being made 
of any trim or list which may exist at the commencement of any voyage. The regulations apply only to 
British foreign going ships and not coasting ships. 


INTERNATIONAL CONVENTION, 19380. 


An International Convention was held in London from 20th May to 5th July, 1930, and was 
attended by representatives from the following countries, namely :—Germany, Australia, Belgium, 
Canada, Chili, Cuba, Denmark, Free City of Danzig, Spain, Irish Free State, U.S. America, Finland, 
France, Great Britain and Northern Ireland, Greece, India, Iceland, Italy, Japan, Latvia, Mexico, 
Norway, New Zealand, Paraguay, Holland, Peru, Poland, Portugal, Sweden and Russia; and was signed 
unanimously and without reservation by all the countries. 

The convention, if ratified, comes in force on 1st July, 1932, and will apply to practically the whole 
of the Merchant ships of the world. For the first time in the history of shipping uniformity of treatment 
will be secured and certificates of one country will be accepted in all other countries. Not only has 
uniformity in the method of compution of freeboard been secured, but, what is perhaps of greater 
importance, uniform conditions of assignment have been agreed to. The benefit of such agreement to 
the shipping community cannot be overestimated, resulting as it must do, in greater security to the ship 
and its cargo, and what is more important, to the lives of the crews. 

For the first time in the history of British shipping, deeper loading is provided for ships carrying 
timber deck cargoes, and for “ tankers” and ships of special types having properties approaching that of 
the tanker. These provisions will be dealt with in a separate chapter, and therefore the following remarks 
will deal with the freeboard of the ordinary ocean-going cargo-carrying ship. 
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ScoPE OF THE CONVENTION. 
The convention applies generally to all ships engaged on international voyages except the following :— 
(a) Ships of war. 
(b) Ships solely engaged in fishing. 
(c) Pleasure yachts. 
(d) Ships not carrying cargo or passengers. 
(e) Ships of less than 150 tons gross. 
(f) Ships engaged on the Great Lakes or other inland waters. 
(g) American and French ships, steam or sail, of the lumber schooner type. 


Provision is also made for the exemption of ships engaged in international voyages between adjoining 
countries. r r : : 

It is recommended that each country make provisions on the lines of the convention for ships of less 
than 150 tons gross engaged on internat!nal voyages: : 

When real requirements are complied with and freeboards have been assigned and marked 
on the ship’s sides, an International Certificate in the @92Uage of the coutry in which the ship is 
registered will be issued, but this certificate will onlv he valid for a period not exceeding five vears. after 
which period a fresh certificate must be obtained. Provision is made for the annual survey of the fittings 
and appliances for the protection of openings, guard rails, freeing ports, and means of access to crew’s 
quarters. 

Provision is also made for the collection and exchange of information relating to reculations and 
decisions of general application, results of the provisions of the convention, and fittings which mav he 
accepted as equivalent to the convention requirements, and for holding further conferences to consider 
amendments or additions to the convention requirements. The Government of the United Kingdom of 
Great Britain and Northern Treland is the intermediary for collecting and distributing this information. 

The convention comes into force on Ist July, 1932, provided that at least five ratifications have been 
deposited by that date. Failing this, it is to come into force three months after the fifth ratification has 
been deposited. 

When the convention comes in force, every new ship must comply with all the convention require- 
ments, and be marked in accordance with the provisions of the convention. An existing shin is required 
to comply with the conditions of assienment ‘‘as far as may he reasonable and practicable,” hut may, if 
the owners desire, retain its existing freeboard provided that freeboard has been assigned under existing 
approved regulations. 

A new ship is defined as one whose keel is laid on or after the 1st July, 1932. 


ConDITIONS OF ASSIGNMENT. 


Tt has always been realised that the present regulations in respect of those conditions which govern 
the assignment of freeboard leave much to be desired. It is trne that since the publication of the report 
of the Loadline Committee, 1913-15, the Classification Societies have brought their requirements into line 
with the recommendations of that Committee, but many ships built prior to that date fall far short in the 
efficiency of their hatchways, casings, and other vital deck onenings and fittings. 

Regulations have now heen framed covering all types of deck openings, hatchways and their fittings 
have received special attention, machinery and deckhonse casings and their doorways. crews facilities, 
ventilators, overboard discharges, and side scuttles are all brought within the scope of the regulations. 

The only requirement which may give rise to any opposition is that relating to freeing ports in the 
bulwarks surrounding the upper deck of the ship. There is no doubt that open rails are preferred by 
many seamen. Others contend that with open rails the deck will never be clear of water, in the absence 
. protecting bulwarks more water must break on the deck and more damage will be sustained by deck 

ttings. 

In any case, the convention requires ample freeing port area to be provided ; and in the case of trunk 
deck ships where large quantities of water might accumulate on one side of the ship, open rails are 
required for half the length of the well. On a raised quarter deck the freeing port area is required to be 
the same as that provided on the upper deck. 
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By these regulations the convention has done all tbat regulations can do to make ships safe and sea- 
worthy. Bad loading, however, may make any ship unsafe, and therefore it is laid down that the rules 
necessarily assume that the nature and stowage of cargo, ballast, etc., are such as to secure sufficient 
stability for the ship. 

FREEBOARD CoMPUTATION.—STEAMERS. 

For the purpose of the regulations, ‘Sailing Ships” are defined as ‘Ships provided with sufficient 
sail area for navigation under sails alone, whether or not provided with mechanical means of propulsion.” 
All other ships are to have freeboards assigned under the regulations for steamers. 


STANDARD OF STRENGTH. 


It will be remembered that the Loadline Committee, 1913-15, and also the Loadline Committee, 1923, 
recommended a definite standard of strength, although the provisions of that standard were confined to a 
longitudinal modulus, a frame modulus, and a minimum thickness of shell plating in association with the 
frame spacing. It was difficult to secure International acceptance of such a standard, and after much con- 
sideration, the convention decided that the standard should be that of the Classification Societies for ships 
of the highest class, but that the modulus standard should also be retained for reference in dealing with 
light scantling and unclassed ships. 


Deck LINE. 


The deck line is to be marked at the intersection of the upper surface of the deck at the middle of 
the length, with the side of the ship. This is in keeping with continental practice, but means an 
alteration in the method followed since the Merchant Shipping Act of 1876. 


FREEBOARD MARKING. 


The Indian Summer line is now to be designated “ Tropical Loadline” and will be indicated by the 
letter T, and an additional line indicating the Tropical Freshwater Loadline is to be marked with the 
letters T.F. In other respects the marking is to be as at present. 


FREEBOARD LENGTH. 


The length L used in the freeboard computation is the length in feet. on the summer loadline from 
the fore side of the stem to the after side of the rudder post, or to the centre of the rudder stock when 
no rudder post is fitted. This length may be modified when a cruiser stern is fitted. 


FREEBOARD BREADTH. 


The breadth B is the moulded breadth amidships in feet, in iron and steel ships, and is the breadth 
to outside of planking in wood and composite ships. 


MovuLpED DEPTH. 


The moulded depth is measured from the top of the keel to the top of the freeboard deck beams, 
except in wood and composite ships, when it is measured from the lower edge of the keel rabbit. A 
modification is made when the bottom of the ship is of hollow form. 


FREEBOARD DEPTH. 


The freeboard depth D is the moulded depth increased by the thickness of the stringer plate, and 
by the volume of any sheathing fitted in the wells divided by the freeboard length. 


COEFFICIENT OF FINENESS. 
The coefficient of fineness is obtained by the formula 


where A is the moulded displacement at a mean moulded draught d, which is 85 per cent. of the 
moulded depth. I is the freeboard length, and B is the freeboard breadth. 
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StanDaRD SuHIp. 
The Standard Ship is one which is not flush-decked, has a depth D equal to ~ a coefficient of 
fineness equal to 68, a sheer profile whose ordinates are as under. 


STATION. ORDINATE. 
8) Us 1L4+10 
One-sixth L from A.P. 0445 L + 4°45 
One-third L from A.P. Ol1LL+11 
Amidships 0 
One-third L from F.P. 022 L + 2°2 
One-sixth L from F.P. 089 L + 8°9 
1] 2L+ 20 


It will be observed that the sheer is of parabolic form, and is 50 Ps. cent. in excess of the present 
standard sheer. The mean sheer ordinate in inches is equal to 05 L +5 


CORRECTION FOR DEPARTURE FROM THE STANDARD SHIP. 


Fiusu-Deck Suips.—The Tabular freeboard is increased at the rate of 14 inches for every 100 
feet of length. 


D EXCEEDING y5 _ —tThe freeboard is increased by (p — 5)R 
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Where R = 30 2 lengths under 390 feet. 
= 8 at lengths 390 feet and above. 


L ’ : ore 
D Less Tuan => bb. —When an enclosed superstructure covering at least *6 L amidships, a complete 


trunk, or a combination of intact partial superstructures and trunk which extends all fore and aft, is 

L , 
fitted, the freeboard is reduced at the same rate as when D exceeds Tb, but when the least height of 
superstructures or trunks is less than the standard, the reduction is in the ratio of the actual to the 
standard height. In all other cases no reduction is allowed. 


SUPERSTRUCTURES, 


A reduction is made in the freeboard on account of partial superstructures. When a complete intact 
superstructure is fitted, the superstructure deck is the freeboard deck and the freeboard must be computed 
as for a full scantling ship, in which case it is increased so as to give a draught which is proportional to 
the actual and standard strengths. 

The standard height of a superstructure is the least vertical height measured from the top of the 
superstructure deck to the top of the mean line of sheathing on the freeboard deck. 


Type of Superstructure. Length of Ship. Standard Height. 


Raised Quarter Deck 250 feet 


(| Upto and eRe Es 100 feet 
400 feet and ‘above 


Up to and including 250 feet 


Other Superstructures 400 feet and above 


For intermediate lengths, the standard height is obtained by interpolation. 
If a Raised Quarter Deck is not intact it is considered as a poop of less than standard height. 
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If the height is less than the standard, the length is to be reduced in the ratio of the actual to the 
standard height. 

The effective length of superstructures depends on the height, as described in the previous paragraph, 
and on the means for closing the openings in the end bulkheads, as described in the following Tables. 


Poop. 
CLOSING APPLIANCES. 
LENGTH. ; Gia a With | 
AE 1 ay ass 2 wi ‘ 
Class 1 | Class henokattanhed! i Open 
| Per Cent. | Per Cent. Per Cent. i Per Cent. 
‘51, or less ... 100 100 90 50 
‘7L or more 100 | 90 90 | 50 
BRIDGE. 
CLOSING APPLIANCES. ALLOWANCE. 
ie a a é With Trunk 
Fore End. After End. Normal Allowance. contiguous to 
h ! at After Bulkhead. 
Per Cent. Per Cent. 
Class 1 Class 1 ad | 100 100 
Class 1 Class 2 100 90 
Class 2 «| Class 2 90 90 
Class 1 or 2... ss» soe| None Padnad pad fink lone 15 75 
None se). Dome? Pderne. «tea Carer ae 50 50 
| 


Overhang aft 75 per cent ; overhang forward 50 per cent. 


FORECASTLE, 
Class 1 or 2 appliances = 100 per cent. 
Open forecastle and sheer not less than standard = 100 per cent up to ‘1L and 50 per cent of 
remainder. 
Open forecastle and sheer equal to or less than half standard = 50 per cent. 
Overhang beyond bulkhead or beyond *1L = 50 per cent. 


TRUNKS ON FREEBOARD DECK. 


The effective length of a trunk is 
peg ate 100 per cent when poop and bridge openings are closed with Class 1 
Se x appliances. 90 per cent when poop and bridge openings are not 
LxBxH | fitted with Class 1 appliances. 
where 

1 = length of trunk 
L = freeboard length 
b = mean breadth of trunk 
B = freeboard breadth 
h = effective height of trunk 
H= standard height of a superstructure other than a raised quarter deck. 


There is no limitation in respect of dimensions. 
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Ships having a complete superstructure with one or more tonnage openings in the superstructure 
deck are treated as if the portions in way of the tonnage openings were open wells, but for this purpose 
efficient stormboards are considered as Class 1 closing appliances. An allowance is made for the portion 
in way of the wells depending on the width of the openings and the closing appliances provided. 

The allowance for a complete superstructure varies with the length of the ship according to the 
following table :— 


L= 80 feet aye “i =p Allowance = 14 inches 
7 BRO! 85; To te eae * —— oy ee 
» =400 ,, and above & =42 x 
For partial superstructures the allowance varies with that of a complete superstructure and with the 
effective length of the superstructures as given in the following table :— 


EFFECTIVE LENGTH. 


O jets] oj 2 | 21 cbs Gy | al oot ie 
All types with forecastle and without 
detached bridge ... ... ... «| 0 5 |10 {15 | 23:5} 32 |46 |638 | 75:3) 87-7} 100] A | 


All types with forecastle and with 
detached bridge*... ... 1... 


0 6°38} 12°7|19 | 27-5) 36 |46 | 63 | 75°38) 87-7|100| B 


* If the effective length of the bridge is less than -2L interpolate between lines A and B. 
If no forecastle is fitted the above percentages are reduced by five. 


SHEER. 


The standard mean sheer ordinate in inches is -05L +5. 

The sheers at the forward and after ends are therefore -2L+420 and *1L+10. 

When the height of a complete superstructure exceeds the standard, the steer may be considered in 
relation to the standard, i.e., the sheer curve may be considered to be a parabolic curve touching the 
superstructure deck at the stem and sternpost and passing through a point amidships which is at the 
standard height of a superstructure above the freeboard deck. 

To obtain the effective sheer ordinates it may be necessary to modify the actual sheer ordinates. If 
the sheers forward and aft are deficient, or if both sheers are in excess of the standard, the actual sheers 
are effective. If there is excess sheer aft and deficient sheer forward no credit is given for the excess and 
the deficiency only is measured. If there is excess sheer forward and deficient sheer aft, the effective 
sheer will depend on the extent of the deficiency aft, thus if the sheer aft is not less than 75 per cent. of 
the standard, the actual sheer is effective, if it is less than 50 per cent. of the standard, no credit is given 
for the excess sheer forward ; while for intermediate values the effective sheer is obtained by interpolation. 


: - : - : ~ 8 
The correction for deficiency or excess in sheer is equal to deficiency or excess x (7 thy where 


S is the total mean covered length of the parts of the superstructure which extend to the sides of the 
ship. 
: When the sheer is deficient the above correction is added to the freeboard in all cases. 

When the sheer in flush-deck ships is in excess of the standard, the above correction is deducted 
from the freeboard in all cases. 

When the sheer in vessels having detached superstructures is in excess, the correction to be deducted 
from the freeboard depends upon the presence or absence of an enclosed superstructure amidships. If 
this enclosed superstructure extends from *1L forward of amidships to *1L aft of amidships the correction 
is deducted. 
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If there is no enclosed amidship superstructure no deduction is made. For intermediate lengths of 
enclosed amidship superstructure the correction is obtained by interpolation. 

In all cases the deduction for excess sheer is limited to 14 inches at 100 feet length and 14 inches 
for each additional 100 feet in the length of the ship. 


Round oF Beam. 
; B 
The standard round of beam is equal to 50 


: , : ; difference Ss 
The correction for excess or deficiency is equal to minus or plus — or peer ois (1 zz L) where §, 


is length covered by enclosed superstructures. 
Where the round of beam exceeds twice the standard it is assumed to be twice the standard. 


TABULAR FREEBOARD AND BLOCK COEFFICIENT. 


The Tabular freeboard is the Summer freeboard for vessels having a block coefficient of °68 and 
having some superstructure above the freeboard deck. 
\\ hen there is no superstructure the tabular freeboard is increased at the rate of 14 inches for every 
100 feet of length. 
C + 68 


When the block coefficient exceeds *68 the above freeboard is multiplied by the factor — 136 


where © is the block coefficient corresponding to the moulded displacement (excluding bossing) at a 
moulded draught which is equal to 85 per cent. of the moulded depth. 
There is no upper limit to the value of C. 


MINIMUM FREEBOARD. 


The minimum freeboard in salt water in Summer or Tropical Summer is not to be less than 2 inches 
from the upper surface of the freeboard deck. 


Seasonal ALLOWANCES. 


Tropical Summer = }in. per foot of Summer moulded draught. 

Winter ... ine Finn Ditto. Ditto. 

Winter North Atlantic = Winter allowance plus two inches for ships up to and including 330 feet 
in length. 


FRESH WaTER ALLOWANCE. 


ae 
4uT 
Summer loadline, and T is tons per inch immersion at Summer loadline. 


The Fresh Water allowance is equal to where A is the displacement in tons in salt water at the 


FinaL FREEBOARD. 


When the surface of the freeboard deck is not uniform, as for example, when wood sheathing is fitted 
in the wells and there is no sheathing amidships, the freeboard is corrected by an amount equal to the 
difference between the freeboard depth D and the actual depth amidships from top of keel to the top of 
the actual deck. 

When the actual strength is less than the standard, the freeboard is to be suitably increased. 


Suips oF ABNORMAL Form anpD SaiLine Suips. 
Provision is made in the Convention Rules for ships of abnormal form and for sailing ships, but as 
these form only a very small proportion of the cases to be dealt with a detailed description of the methods 
of freeboard computation is not called for in this Paper. 
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COMMENTS ON THE CONVENTION FREEBOARDS. 


In dealing with the effect of the Convention freeboards it is well to remember the conclusion arrived 
at by every Committee since 1915, namely, that the loadlines assigned in accordance with the Rules of 
1906, were on the whole satisfactory, and allowed sufficient freeboard to ensure the safety of ships. In 
face of such evidence it was impossible to exercise that freedom which every Committee would desire, to 
frame regulations based on experience and scientific investigation. Analysis of the proposed Regulations 
shows that, while importance was attached to height of platform forward, preferably in the form of a fore- 
castle ; greater importance was attached to a bridge amidships, principally from the point of view of 
stability. But the desire to maintain existing freeboards as far as possible, limited the penalty which 
might be imposed on the absence of a forecastle and/or bridge to an inch or two. It can scarcely be main- 
tained that such penalties are adequate to compensate for the absence of protection which 1s deemed 
essential and it might have been better policy to have omitted such penalties altogether. It will have 
been noted that to secure the maximum allowance for superstructures a bridge covering not less than a 
fifth of the vessel’s Jength must be fitted, and that to secure the maximum allowance for excess sheer such 
a bridge must be fitted exactly amidships. (This does not apply in the case of a ‘ Tanker.”) 

With regard to sheer allowance, the fore and aft distribution is important. The standard sheer 
forward is twice the standard sheer aft. If there is excess sheer aft and deficient sheer forward, no 
allowance is given for any excess over the standard, and the deticiency only is measured. On the other 
hand, if there is excess sheer forward and deficient sheer aft, the amount of the excess sheer forward, for 
which allowance is given, depends on the extent of the deficiency aft. 

It is not difficult to visualise a case, in fact such a case has been found, where, on account of the 
distribution of the sheer, the assessment of the allowance to be made necessitates a calculation more 
involved than that of the tonnage coefficient under the 1906 Regulations. 

The percentage allowance for detached superstructures of varying lengths follows the same irregular 
course as the same allowances under the 1906 Regulations. No other course was possible if present 
freeboards were to be maintained within small limits. The percentage allowance for superstructures of 
varying lengths is shown in Fig. 2. 

It was originally intended that long shallow vessels should have increased freeboards, and for this 
purpose it was proposed that where the length was greater than 15 times the freeboard depth, the 
freeboard should be that of a vessel having a depth equal to one-fifteenth of the length. This led to an 
alteration in the basic proportion of length to depth, and incidentally led to the adoption of length as a 
basis of freeboard instead of depth, as under the 1906 Regulations. This may at first sight appear 
to be inconsistent until it is remembered that a given length is associated with a corresponding depth, 
mT therefore depth and reserve buoyancy remain, as before, prime factors in the freeboard of flush-deck 
ships. 

In investigating the effect of the proposals, it was found that certain ships of extreme proportions 
would be severely penalised, although they had proved satisfactory in service. It was, therefore, decided 
that under strictly limited conditions allowances should be made for ships of more extreme proportions. 

Had this contingency been considered earlier, it is probable that a proportion of depth to length 
more in keeping with present practice would have been adopted as a standard. 

Summarizing the effects of the proposed Convention Regulations, it may be stated that the freeboards 
of flush-deck ships will be increased from 3 to 10 inches according to length. This may, however, be 
reduced in new ships by about 50 per cent. by the provision of additional sheer. In well deck coasting 
ships having superstructures covering less than 50 per cent. of the length, the freeboards will vary from 
+ 1 inch to — 1 inch in Summer, and from + 4 inch to + 2 inches in Winter. 

In Coasting ships having long superstructures the frecboards will vary from — 4 inch to 
— 8} inches in Summer and from + 4 inch to — 2 inches in Winter. 

In ships of the ''hree Island type with ordinary superstructures there will be little change, but with long 
superstructures (which are treated rather unfairly under the 1906 Regulations) ships will have reduced 
freeboards, the amount varying with the sheer and the proportion of the length covered by superstructures. 

Ships having a forecastle and long bridge only were rather harshly treated under the 1906 Regulations, 
no allowance being made for superstructures beyond 50 per cent. of the length of the ship. This anomaly 
is to be removed, and in consequence ships of this type having superstructures covering say 80 per cent. of 
the length, will have reductions varying from about 10 inches at 300 feet in length to about 16 inches at 
500 feet in length. 


trunks are fitted there may be a slight penalty. 
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Shelter deck ships having tonnage openings in the shelter deck will have reductions varying from 
2 to 5 inches. 


Trunk deck ships having trunks extending from the forecastle to the poop will have reductions 
varying from 1 to 3 inches, provided the trunk be of standard height, but in some cases where low 


The Tabular freeboards for steamships, sailing ships and tankers, are shown in Fig. 1. 


The freeboard differences for a number of typical steamships are shown in the following Table. 


Moulded 
Length and 
Depth. 


80 x 8&5 
100 x 95 
200 x 14°5 
300 x 24 
400 x 34 

80 x 8 
100:x) 69 
150 x 12 
200 x 15 
140 x 12°6 
160 x 18 
180 x 14 
200 x 15 
250 Xx 19 
300 x 21 
800 x 22 
400 x 31 
500 x 85 
300 x 22 
400 x 31 
500 x 35 
800 x 22 
400 x 31 
500 x 35 
250 x 18 
800 x 21 
400 xX 28 
500 x 84 


Type. 


Flush Deck. 


” 


Shelter Deck 


Per cent. 
Super- 
structures. 


Effective 
Sheer over 
or under 
1930 Standard 
Per cent. 


Difference from 1906. 


s Ww. 

Inches. Inches. 
+ 3} + 4} 
+ 35 + 44 
+ 4} + 53 
+ 6} + 8 
+ 94 + 94 
+1 + 1} 
+ 14 +2 
alee 4H ia} 
oe + } 
— 1} Nil 

— 1 + 4 
— 34 — 2 
-i + } 
— 13 Nil 

08 aoumg 
Nil +i 
= ot ce 
— 14 — 1} 
me Bb cvd cae —$ 
— 55 = a 
= ya a 
—113 —10} 
—154 —144 
—16} —16 
—4 — 24 
— 44 — 3 
re eB | 
—5 — 4 
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TimMBER DECK CARGOES. 


Legislation regarding the carriage of timber cargoes on deck, dates back to an Act passed on 17th 
August, 1839. In that Act it was provided “ that it shall not be lawful for any part of the cargo of any 
vessel wholly or in part laden with timber clearing from any British port in North America, between 
the 1st day of September and the 1st day of May, to be stowed or placed, during any part of the voyage, 
upon or above the deck of such vessel.” 


This Act was a temporary measure, but it was made permanent in 1840, and continued in force 
until the passing of the Customs Consolidation Act in 1853 in which it was re-enacted. The provisions, 
however, were repealed in the Merchant Shipping Act of 1862. 


In 1873. the question of deck cargoes was revived owing to heavy losses of vessels engaged in the 
trade. During that year the Canadian Government passed an Act which prohibited the carriage of 
heavy wood goods on deck between Ist October and 16th March, but allowed deals to be carried to a 
height of three feet. 


These provisions were embodied in The Merchant Shipping Act of 1876, and were continued in 
Section 451 of the Merchant Shipping Act of 1894, which consolidated all existing shipping legislation. 


In the Merchant Shipping Act of 1906, Section 10, the regulations were amended, and the Board 
of Trade was given power to approve the classes of ships which might carry heavy wood goods, and to 
make regulations for the protection of seamen on such ships. The law applies to British and Foreign 
ships coming into a British port between 31st October and 16th April. ‘The Canadian regulations were 
brought into line with the British regulations in 1908. 


These regulations are still in force, and as the provisions are embodied in the Act, it will require an 
Act of Parliament to alter them. 


One point in the 1894 Act which has given rise to much amusing discussion is the provision that 
deals, battens or other light wood goods of any description are not ‘* wood goods” unless they are loaded 
to a height exceeding three feet above the deck. 


Mercuant Surppine Act, 1906. 


Under the provisions of this Act, heavy wood goods may be carried as deck cargo between the 31st 
October and the 16th April, provided :— 


(a) they be carried in covered spaces. 
(b) they be carried in such classes of ships as may be approved by the Board of Trade. 
(c) they be loaded in accordance with regulations to be made by the Board of Trade. 


Light wood goods may be carried during the same period provided :— 
(a) each unit is not of greater capacity than 15 cubic feet. 


(b) the height of stowage does not exceed three feet on the top of a permanently closed 
superstructure on the upper deck ; and on the upper deck in the wells it does not exceed the 
height of the main rail or bulwark, or one-fourth of the inside breadth of the ship, or seven feet 
whichever is the least. In the case of a covered space it may extend the full height of 
such space. 


There is no limit to the height or position in summer, and provision is made for a voyage which may 
have been shortened through favourable weather conditions. Vessels which may not be loaded in 
accordance with the regulations may enter a British port through stress of weather or similar conditions, 
but may not discharge any cargo. 


For the purpose of this Section, heavy wood goods means any square, round, waney or other timber or 
any pitch pine, mahogany, oak, teak or otlier heavy wood goods, and light wood goods .means any deals, 
battens or other light wood goods of any description. The expression “ Deck Cargo” means any cargo 
carried either in any uncovered space upon deck or in any covered space not included in the cubical con- 
tents forming the ship’s registered tonnage. 
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The instructions issued by the Board of Trade under this Section of the Act are contained in “ Order 
in Council No. 7x,” dated 7th February, 1907. 

Rule 1.—The classes of ships approved for the purpose of carrying heavy wood goods as deck cargo 
are iron or steel steamships having covered spaces such «s poops, bridges, forecastles or shelter 
decks which form the permanent structure and which comply with the following :—The 
space must be within an erection which extends from side to side of the ship, the sides must 
be completely plated, the ends must be bounded by iron or steel partitions, and the total area 
of the openings must not exceed one-fourth of the area of the partition. 

Rule 2.—Heavy wood goods may only be loaded in covered spaces which form part of the permanent 
structure of the ship and which comply with the conditions of Rule 1, and the goods must be 
so stowed as not to make the ship unfit by reason of instability to proceed to sea and must be 
properly stowed and secured so as to prevent shifting. 

Rule 3.—This rule refers to wood goods as deck cargo in uncovered spaces, and provides for the 
lashing and security of the cargo, and for the safety of the crew. Rails or bulwarks of 
substantial character are required on top of cargo on each side of ship, not less than three 
feet in height. This was increased to four feet by a minute dated 20th August, 1907. 

No deeper loading is permitted when carrying timber deck cargoes. 


LOADLINE CoMMITTEE 1913-15. 


On 5th January, 1914 the President of the Board of Trade referred the question of the carriage of 
deck cargoes and the assignment of a special loadline for timber laden vessels, to the Committee which 
was then considering the general question of freeboard. 

The recommendations of this Committee were practically in agreement with the Board of Trade 
regulations, but to the definition of heavy wood goods they added “a weight per cubic foot exceeding 
38 lbs.” With regard to a special freeboard for timber laden vessels, they had evidence relating to the 
regulations of the Netherlands, the Scandinavian Countries and Russia, under which deeper loading is 
permitted. They found, however, that in the great majority of cases the carriage of deck cargoes of 
wood goods increases the risk to the vessel and to the crew. They were therefore of the opinion that it 
was not desirable to make any provision in the rules for the assignment of a special timber load line. 


CHAMBER OF SHIPPING INTERNATIONAL CONFERENCE, 


An International Shipping Conference was held in London in 1921, at which a Committee was 
appointed to consider the question of timber deck cargoes. ‘The Committee met at Christiania in January 
and February, 1922. The following countries were represented, namely :—Denmark, Finland, Germany, 
Great Britain, Holland, Norway and Sweden. The attention of the Committee was directed to the questions 
of construction of vessels for the carriage of wood goods, the security and stowage of cargo, provisions for 
the safety of the crew, and the conditions under which deeper loading might be permitted when carrying 
deck cargoes of light wood goods. 

A second meeting of the Committee was held in London in April, 1923, to consider the question of 
the carriage of heavy wood goods as deck cargo, and the determination of the wood cargo freeboards. 
Perhaps the most important decision of the Committee, although it was only a majority decision, was the 
determination of the wood cargo freeboard. It was considered that the allowance to be made for super- 
structures of wood goods should be based in the assumption that they possessed some proportion of the 
value of a substantial steel superstructure. This proportion was fixed as 50 per cent for light wood 
goods. It was considered that the same percentage would be justified for heavy wood goods, but that 35 
per cent. would meet their requirements. It was, therefore, recommended that the wood cargo freeboard 
for Summer, Winter, Winter North Atlantic, and for fresh water respectively, should be determined by 
the formula :— 

BR =a op (1-2) 
where R is the reduction in freeboard 
d is the reduction in freeboard for a complete superstructure 
p is *5 for light wood goods and °35 for heavy wood goods 
r is the ratio of the sum of the effective lengths of the superstructures to the 
length of the ship. , 
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The maximum reduction not to exceed 9 inches. 
The recommendations of this Committee were submitted to the Board of Trade, and were referred by 
them to the Merchant Shipping Advisory Committee. 


MeErcHanT SuHippine ApDvisoRY COMMITTEE. 


In a letter dated 8th May, 1925, the above Committee were asked to consider whether in their 
opinion there was sufficient cause for recommending a modification of the present British law. After 
careful consideration the Committee reported on 23rd November, 1925, in favour of regulations on the 
lines suggested by the Chamber of Shipping International Committee. With regard to the special 
freeboard to be assigned, bowever, they considered that this should be subject to international agreement, 
and recommended that the question should be settled to the satisfaction of the assigning bodies acting in 
conjunction with the Board of Trade. 


LOaDLINE COMMITTEE, 1929. 


As pointed out in an earlier section of this paper, the Loadline Committee of 1929 were asked to 
consider the Report of the Merchant Shipping Advisory Committee of 1926, regarding the carriage of 
timber deck cargoes on ships and to advise whether ships carrying timber deck cargoes can properly be 
assigned special freeboards, and, if so, under what conditions. - 

The Committee examined much evidence from masters and officers, and visited a number of British 
ports, but, in the absence of definite experience of deeper loading than that permitted under the British 
regulations, they felt that the evidence was inconclusive, and, in some cases, strong opposition was 
expressed. They, therefore, decided to visit continental ports, particularly those ports where deeper loading 
had been the practice for many years. 

As a result of their investigations, the Committee came to the conclusion that “ having regard to the 
general conditions under which timber deck cargoes are now carried on steamers, the British regulations 
are, in the main, unsuitable for regulating the carriage of such cargoes.” They, therefore, recommended 
that the Board of Trade should abandon the old regulations and should formulate new regulations based 
on the view that on vessels of modern and suitable types deck cargoes of both heavy and light wood goods 
can be carried with safety all the year round, provided safeguards are imposed to ensure the proper stowage 
and security of the deck cargo and the safe navigation of the ship. 

Regulations were framed for the stowage of the deck cargo, for the efficient handling of the ship, 
and for the safety of the crew. The only stipulations made in regard to the height of the deck cargo was 
that on Winter North Atlantic voyages the height in the wells should not exceed the height of the 
superstructures, and on superstructure decks should not exceed 675 feet. 

It was recommended that the freeboard to be allowed should be assigned on the basis of the ordinary 
steamer freeboard, but that a greater allowance for superstructures should be permitted. The following 
table gives the percentage of the ordinary poop, bridge and forecastle type, carrying ordinary cargoes and 
the allowance when carrying timber deck cargoes. 


Total EFrective LENGTH oF SUPERSTRUCTURES. 


TYPE. 0 3L DL “6L ‘TL 1-0L 


. Per cent. | Per cent. | Per cent. “Per cent.| Per cent. | Per cent. 
Ordinary cargo... as oy 54 0 15 32 48h 61 87 
Timber deck cargo ae Bee pacf 0 39 57 685 80 100 


It will be observed from the above table, that the allowance for vessels of the ordinary poop, bridge 
and forecastle type, was about 20 per cent. of the allowance for a complete superstructure, no matter what 
the length of the permanent superstructures might be. 
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INTERNATIONAL ConVENTION, 1980. 


The regulations framed by the International Convention follow the lines laid down by the Loadline 
Committee, 1929, but differ in regard to the freeboard allowance and the height of the timber deck cargo. 
As these regulations, when the Convention is ratified, are likely to remain in force for a considerable 
period, they will be indicated with more detail. 


TYPE oF SHIP. 


The structure is required to be of sufficient strength for the deeper draught and for the weight of 
the deck cargo. A forecastle is to be fitted of at least standard height, for a length not less than 
seven per cent. of the length of the ship, and in addition, a poop, or a raised quarter deck with a strong 
hood or deck house aft. The machinery casings on the freeboard deck are to be protected by a 
superstructure of at least standard height, unless the casings are specially strengthened. Double bottom 
tanks where fitted within the midship half length, are to have adequate longitudinal subdivision. 
Bulwarks are to be fitted in the wells, not less than three feet, three inches high, and may be either plate 
bulwarks with efficient freeing ports. or open rails. Deck openings, ventilators, steering gears and access 
to machinery space are to be efficiently protected, and the deck cargo is to be so stowed as not to interfere 
with the safe navigation of the ship. 


SECURITY OF CaRGO. 


The deck cargo is to be compactly stowed, lashed, and secured. It must not interfere with the safe 
navigation of the ship, or the provision of a safe margin of stability, at all stages of the voyage. 

For this purpose, allowance must be made for absorption of water, and consumption of fuel and 
stores. Uprights when required are to be of adequate strength and spaced not more than ten feet apart, 
and efficient lashings of chain or flexible steel wire are to be provided. No reference is made to the 
practice of securing the timber cargo in two portions. But the regulations only refer to such portions of 
the deck cargoes on account of which deeper loading is permitted, and therefore cargo which is carried 
above what might be termed the freeboard limits, may still be secured by independent lashings. 


PROTECTION OF CREW. 


Safe and satisfactory access to the quarters of the crew, and to all the working spaces on the ship is 
to be provided and the cargo is to be stowed so as to provide a gangway on each side of the ship, protected 
by guard rails or life lines spaced not more than 12 inches apart for a height of four feet above the cargo. 


HEIGHT oF CaRGO., 


The wells on the freeboard deck are to be filled with timber stowed as solidly as possible to at least 
the standard height of a bridge. ‘The only limit to the height to which timber may be stowed is within 
a seasonal zone in winter, when it is limited to a height not exceeding one-third of the extreme breadth 
of the ship. 

FREEBOARD. 


The timber deck cargoes freeboard is computed on the same basis as the ordinary cargo freeboard 
but the allowance for superstructures is determined from the following table :— 


ToTaL EFFECTIVE LENGTH OF SUPERSTRUCTURES. 


0 ‘1L 2L °3L 4L *bL *6L ‘TL | ‘SL ‘OL 1:0L 
Per cent. | Per cent. | Per cent. | Per cent.|} Per cent.| Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
All types ...| 20 80°75 | 41°5 | 52°25 63 69°25 | 75°5 81°5 | 87:5 | 93°75 | 100 


The seasonal allowances are made in the same manner as the corresponding allowances for ordinary 
freeboards with the exception of the winter timber freeboard which is obtained by adding to the summer 
timber freeboard, one third of an inch per foot of the moulded summer timber draught. 
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EFFrEcT OF THE REGULATIONS, 


It is not possible in a paper of this character to give a complete analysis of the effect of the proposed 
regulations, but Fig. 3 indicates the summer freeboard under the existing Swedish and Dutch regulations, 
and as proposed by the various committees up to and including the convention of 1930, for a typical 
steamer of the poop, bridge and forecastle type having dimensions 300 ft. x 43 ft. x 22 ft. moulded. It 
may be stated however that broadly the freeboards will be reduced about 9 inches in ships 195 feet in 
length having superstructures covering 40 per cent. of the length, and 133 inches in ships 400 feet in 
length having superstructures covering 50 per cent. of the length. 


MaRkinG OF TimBER DECK CarGo FREEBOARDS, 


The timber deck cargo freeboards will be indicated by an additional grid on the vessels’ sides aft of 
the loadline dise as illustrated in the following diagram. 


DECK LINE 
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LOADLINES OF TANKERS, 


Prior to the introduction of the American Loadline Regulations last September, steamers carrying 
liquid cargoes in bulk were not permitted by any national regulations to load ie than similar vessels 
carrying ordinary cargoes. In the absence of freeboard regulations of any kind, American tanker owners 
were free to load as deeply as they wished, and statistics show that it was a common practice to load ships 
to a freeboard about 20 per cent. less than the normal, and cases are on record where even smaller 
freeboards were allowed. It became a very common practice to regulate the overload so that when the 
ship arrived at a port in a country in which reguiations were in force, the consumption of fuel, water and 
stores just brought it to the normal loadline, and in this way they escaped prosecution for overloading. 
Some ships however did arrive in an overloaded condition, the fine of £100 imposed being a mere fraction 
of the increased value of the freight. In consequence of this, the New Zealand Government in 1925 
increased the fine for overloading to £1000. 

In 1925, steps were taken with a view to securing International recognition of deeper loading for 
tankers. At the International Shipping Conference held in 1925, an International Technical Sub- 
committee was appointed to consider the nature and extent of such deeper loading. As a result of their 
investigations, it was recommended that no reduction in freeboard should be made for tankers of 250 
feet in length and under, but for tankers above that length the reduction should be gradually increased 
to a maximum of 15 per cent. for tankers of 450 feet in length and upwards. These proposals were 
adopted in 1926, and were subsequently endorsed by the Chamber of Shipping and submitted to the 
Board of Trade, who referred the matter to the Loadline Committee which was appointed by the President 
ol the Board of Trade on 9th February, 1927. 
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LOADLINE CoMMITTEE 1929. 
The report of the Loadline Committee which was appointed on the above date was issued in 1929. 
In this report. the Committee state that having examined the evidence placed before them. they accepted 
the principle of deeper loading for tankers. hey formulated conditions under which such deeper 
loading might be permitted. Feeling that the subject was one for International agreement, they did not 
formulate any proposals, but left the amount of deeper loading for International decision. 


INTERNATIONAL CONVENTION 1930. 

It may be well to state here the considerations which it is claimed entitle tankers to deeper loading 
than that permitted for ordinary ships. These may be summarised as follows :— 

(1) They are mach stronger than ordinary cargo carrying ships. 

(2) The degree of subdivision renders them practically immune from the danger of 
foundering in case of collision or other damage, and also increases the transverse strength of the 
ship. 

(3) The small hatchways, with their steel watertight covers, afford almost invulnerable 
protection against danger from seas breaking over the ship. 

(4) The strong overhead gangway provides a safe working platform and passage for the crew. 

(5) The worst condition of loading is the ballast condition, and therefore the strength would 
not be affected by deeper loading. 

Against this, it may be urged that the machinery space is no better protected than in an ordinary 
cargo carrying ship, that ordinary wood covers are often fitted to the small cargo hatchway forward, and 
that ships carrying liquid cargoes are more sluggish than when carrying other cargoes, and therefore ship 
more water, a condition which must be accentuated when deeper loading is adopted. 


ConDITIONS OF ASSIGNMENT. 
After very exhaustive investigation, the convention decided to lay down certain rales which must be 
complied with to entitle tankers to deeper loading. These may be summarised as follows :— 

(1) The structure of the ship must be of sufficient strength for the deeper loading. 

(2) A forecastle must be fitted, having a length not less than 7 per cent. of the length of the 
ship, and a height not less than the standard. 

(3) The machinery casings on the freeboard deck must be enclosed in a poop or bridge of at 
least standard height or by a deck house of similar strength and height. Doors must be of steel 
permanently attached to the casing and capable of being closed from either side, and must have 
sills at least 18 inches above the freeboard deck, and steel covers must be fitted to the fiddley 
gratings. 

(4) An efficient gangway must be fitted from the poop to the bridge, and if the crew are 
berthed in the forecastle a similar gangway must be fitted, from the bridge to the forecastle. 

(5) All hatchways on the freeboard deck, and on the deck of expansion trunks are to be 
closed watertight by efficient steel covers. 

(6) Ships with bulwarks are to have open rails for half the length of the wells or other 
equivalent freeing arrangements. When a trunk is fitted in the wells, open rails are to be fitted 
for the whole length of the weather portions of the freeboard deck. 


FREEBOARD OF TANKERS. 

The method of computation is similar to that of an ordinary steamer, but a special table is provided 
for ships varying from 190 feet to 600 feet in length. Ships above 600 feet are to be dealt with by the 
administration, The allowance for a complete superstructure is the same as for an ordinary steamer, but 
the allowance for partial superstructures is governed by a separate table as under. 
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The allowance is independent of type and position of bridge. The allowance for sheer is also 
independent of the length or position of a bridge. 

The seasonal allowances are fixed in the same way as for ordinary steamers, but are based on summer 
“Tanker” freeboard, with the exception of the Winter North Atlantic allowance which is the winter 
tanker freeboard, plus an addition at the rate of one inch per 100 feet of length. This applies to all 
ships and not only to those 330 feet in length and under. 


PROVISION FOR SHIPS OF SPECIAL TYPE. 


Steamers over 330 feet in length possessing features similar to a tanker may have reduced freeboard 
but in no case is the freeboard to be less than that of a tanker. The amount of the reduction is to be 
determined having regard to the degree of compliance with the conditions of assignment and the degree of 
subdivision provided. 


EFrEct OF THE TANKER REGULATIONS. 


The freeboard of tankers for which full allowance is given will be reduced about seven inches for ships 
350 feet in length to about 20 inches for ships 550 feet in length. This is a reduction of about 15 per 
cent. for ships between 400 and 500 feet. 


MARKING OF TANKER FREEBOARDS. 


The marking of tanker freeboards will be the same as for an ordinary steamer. 


CoNncLUSION. 


At the time of writing the convention has not been ratified by any of the signatory powers. The 
convention requirements, however, have been adopted by the United States of America under their Act of 
2nd March, 1929, which came in force on 2nd September, 1930. 

As several of the convention regulations affect certain clauses of the Merchant Shipping Act, legis- 
lation will be required before the convention can be ratified. It is anticipated that the necessary steps 
will be taken at an early date. 
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DISCUSSION ON Mr. W. WATT'S PAPER 
“THE HISTORY OF BRITISH FREEBOARD 
REGULATIONS, 1922-1930.” 


THE PRESIDENT. 


Mr. Watt is well known to us all as an expert on the freeboard question, and his previous paper on 
the historical development of the subject was very illuminating in showing the progressive advances 
which had been made. We are under a further obligation to him for bringing his notes up to date. 
Although we have heard from time to time of the various bodies which were considering the matter, it 
is only when one sees the results of their deliberations, set out in chronological order, that it is possible 
to realise the amount of time and labour devoted to seeking a solution of this problem. 


Such a paper as this does not lend itself to criticism, and the comments of an ordinary layman 


naval architect, like myself, must be limited to (1) compliment of the author, and (2), genuine seeking 
after information. 


In regard to (1), my attention has been riveted by one point. This arises out of the fact, 
communicated by Mr. Watt, that the general effect of the new regulations is to perpetuate the existing 
standards. I have thought long and earnestly over this matter, and it can only permit of one conclusion 
—that, despite the great advances in all other branches of naval architecture, and in scientific progress 
generally, that have been made during the last 25 years, our technical colleagues on the freeboard side 
had reached, in 1906, such a pitch of scientific perfection that, in 1930, it was found impossible to 
improve upon it! It is the contemplation of a fact like this that brings into play another scientific 
factor not yet fully explained—the inferiority complex. 


In regard to (2), there is one question on which I would like Mr. Watt to give us some further 
information. It is stated that the 1918-15 Committee, after exhaustive investigations of the facts 
available relating to Continental practice, decided to recommend that no deeper loading be permitted, as 
this was found to involve increased risks to ship and crew. The new rules, however, permit some degree 
of deeper loading, and the author might enlarge a little on this subject, particularly as to the new facts 
which apparently caused the Committee to modify its views. 


The numerous Tables of the present Rules have been el Saag by one Table, plus a series of 
corrections, and I was assured by one of the prime authors of the new system that its chief advantage 
was simplicity of application. From observation of our freeboard colleagues at work I very much doubt 
that the problem of computation is more, and not less, complex than formerly, and that before long they 
will be sighing for the simplicity of the old regime. 


On the whole, I would suggest that the last chapter in the history of freeboard has not yet been 
written, and that there appears to be still room for further advance and simplification. 


Mr. W. Brenner. 


The history of British freeboard regulations becomes more and more engrossing and important each 
decade. Naturally we look to Mr. Watt for enlightenment on the subject at a period of change such as 


now, and I wish to express my thanks to him for this most interesting and instructive resumé of the 
subject. 
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As the U.S.A. Department of Commerce has already put the new rules into effect, the subject is one 
on which I have had to give a considerable amount of time and study, and I am glad to state that I 
have found the new rules a very great improvement on the Board of Trade Rules, clear and straight- 
forward in application to all ordinary types, and adaptable to special types. There are, of course, several 
details that could have been made somewhat clearer, even if only for the benefit of the laymen at the 
outports, or abroad, who sometimes have to scratch their heads and wonder just what is the correct 
interpretation. 

It is very clear, from a study of the proposed new rules, that great importance is attached to the 
ensuring that satisfactory arrangements are made to meet the new conditions of assignment, and that 

articular stress is laid on the means for ensuring the safety of the crew. These conditions, as Mr. Watt 

as stated, call for certain specific requirements being carried out in the case of all new ships in respect 
of deck and other openings; and for the same being done on existing ships as far as is reasonable and 
practicable. Some criticism of, and opposition to, the application of these requirements has naturally 
been experienced here, but, with a little argument and persuasion, the objections have been overcome. 
Owners naturally baulk at any repairs of an expensive nature, particularly on old ships, but I have 
found, in practice here, that most of them are quite willing to co-operate in the carrying out of reasonable 
requirements for the better protection of crew and ship. 

There are several questions arising out of the application of the new rules on which Mr. Watt 
might please enlighten me. In the fourth paragraph, of page 6, he states that certificates will be valid 
for five years. Should this not be four? I conclude he means that the new freeboard certificates will 
be made out for four years, with a further year of grace before it becomes invalid. 

I wish Mr. Watt would also explain in more detail the meaning of paragraph 8, page 17, 
particularly the words “when required” in line 4. 

I cannot understand the reference on the first line of page 20, namely, “the allowance is 
independent of type and position of bridge.’ This is a special remark introduced as applying 
specifically to tankers; but does not the same remark apply equally well to ordinary steamers? And what 
is the significance of the word “type” ? 

In the case of an open forecastle, of length more than L/10, and deficient in sheer, is it correct to 
reduce the L/10 length for deficient sheer and then allow half the difference between the reduced length 
(a percentage of L/10) and the after end of forecastle? Should it not be half the difference between 
the L/10 length and the after end of forecastle? Where side houses are fitted in an open forecastle of 
length greater than bits are these side houses allowed full or half value for the portion aft of the L/10 ? 

In a steel W.T. house aft, extending from side to side (except for a gutterway), accepted as 
equivalent toa poop? Are there any conditions ? 

Does the Class 2 closing appliances mentioned in Rule 18, paragraph 1, refer to Class 2 openings at 
both ends, or does it also include cases in which there are say a Class 1 opening forward, and a Class 2 
opening aft ? 

What is the procedure in computing the freeboards of an oil barge? Is this taken under Part 4 or 
Part 7 of the Rules? If the latter, is a penalty made for lack of forecastle ? 

What is the procedure in the case of a vessel where the topside shell falls in at about an angle of 
45 degrees, as in some of the canal vessels in service between New York and Buffalo? 

When the strength of the vessel is less than the standard, on what basis is the freeboard to be 
increased ? 

I would be much obliged to have Mr. Watt’s advice on these questions, as they are all actual points 
which have arisen here. 


Mr. E. W. Biocksip@n. 


The paper which Mr. Watt has given to the Staff Association must be recognised as a sequel to the 
one he read in November, 1928, more than seven years ago. It was then considered that new freeboard 
regulations for British ships would soon be in actual operation, and after all our anticipations and 
preparations the new loadline proposals only proved to be a periodical passing wind making a considerable 
stir among the dead leaves of the prehistoric. In 1931 we are now within measurable distance of apply- 
ing not a new standard of national, but international freeboard regulations. The Convention has not 
been ratified and it may yet be necessary for Mr. Watt to write a third edition in 1938, one never knows. 
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The first question that comes to one’s mind in studying this subject is “ Why is it necessary to alter 
the tabular freeboards and the present method of computing the final assignment?” There is a multitude 
of reasons to justify the action taken in 1913 to amend a law which has now been in operation, with minor 
modifications, for 44 years. Just consider the changes which have taken place in the various types of 
ships and the method of arranging the distribution of material in the structure of these ships, and what 
the practice was in 1885. The present regulations, in consequence of these periodical changes, are full of 
anomalies, and the 1913 Loadline Committee made a valiant attempt to overcome the weakness of the 
Rules and present a set of regulations which could be acceptable for discussion at an International 
Conference. The latter was long deferred on account of the war, and since the date of issue of the 1913 
Committee’s Report there have been other Loadline Committees sitting in 1923, 1925 and 1929, which 
have eventually brought into being by British enterprise and initiative, slowly but surely, the International 
Convention Regulations of 1930. 


It is generally agreed that international agreement in regard to freeboard is a progressive step and a 
good thing for the shipping community. British owners have carried out their obligations under the 
Merchant Shipping Act, without exceeding the minimum freeboards, in spite of the competition in the 
foreign trade by countries whose ships were loaded without any restriction. The Convention brings all the 
important maritime countries within one common law. 


On the other hand there is a feeling that the introduction of International Regulations will hamper 
the facilities to modify Rules which experience in process of time will suggest are necessary. Another 
feeling of doubt is that the Convention may prove to be the thin end of the wedge to internationalise a 
common system of determining scantiings for all types of ships, which would be a serious step towards 
standardisation. 


The natural question for the outport surveyor to ask is “ Will the new freeboard rules be easier to 
understand, and the method of application be more simple?” Those of the London staff who have been 
applying the new regulations to present day ships would reply that they are not so simple as they look. 


The 1918 Loadline Committee and all subsequent committees went straight for the irritating method 
of obtaining the coefficient of fineness from the under deck tonnage with corrections for frame depth, 
sheer, sparring, ceiling, variation in floors, &c., by substituting a more rational one that can be applied to 
a preliminary computation with the same degree of accurary as to a final estimate of freeboard, and which 
depends simply on the moulded displacement at 85 per cent. of the moulded depth of the ship. The 
regulations, however, do not say how the information supplied is to be checked by the Assigning Authority. 
As in the present regulations there is a minimum coefficient of fineness, but no maximum limit. 


The Loadline Committee of 1929 made a radical change in assessing the tabular freeboards which 
are now based on the length of ships and not on the moulded depth. 


We have been educated by all previous regulations and Loadline Committee reports to regard the 
height of platform and reserve buoyancy as forming the common basis for assessing the tabular freeboards, 
with a necessary correction for any variation of length from the standard. If you increase the length of 
a ship you do not increase the reserve buoyancy. The Convention regulations, however, bring about a 
similar result in the final freeboard assigned. 


I have taken a ship of 400 feet in length with a complete superstructure of standard height having 
a tonnage opening at the middle line, with standard sheer, round of beam, &c. The depth of the ship 
in the first case was L/15 the same as the standard ship, and the final Summer freeboard under the 
Convention was 6 inches less than under the present regulations. The depth was increased 2 feet above 
the standard and the difference in the final freeboards was the same. ‘The depth was then decreased 
2 feet below the L/15 which gave a ship of extreme proportions, viz. L/16°3. The difference in the final 
freeboards was 4 inches less than those computed under the present Rules, which substantiates 
Mr. Watt’s statement, on page 12 of the paper, that a certain penalty should be recognised for ships of 
extreme proportions. A ship whose depth is less than L/15 is limited to this standard unless she has 
an enclosed superstructure covering *61 amidships, or a complete trunk or a combination of intact partial 
superstructures which extend all fore and aft, when the actual moulded depth is used. 


The reason for the change, however, in the Convention regulations in regard to the assessment of 
freeboard on length is not clear. 


4 


The 1913 Loadline Committee regulations placed importance on all ships being fitted with a poop 
and a forecastle ; particular emphasis being made on the necessity of height of platform forward. The 
Convention regulations still regard a forecastle of great importance and insist on a forecastle being fitted 
to all Tankers, but all ships are now penalised, with the exception of Tankers, unless a bridge *2 of the 
length on the LWh is fitted. 

In spite of the modifications made in the method of arriving at the final freeboards, the computation 
is simplified as compared with the present method, except the sheer, and it is in this respect that 
surveyors will find great difficulty in assessing the value of sheer when dealing with a ship whose profile 
is a departure from the standard. It will come to be regarded as the ‘* Pons Assinoram” of the free- 
board regulations. It is suggested that the method is cumbersome and the final result does not appear to 
justify the amount of work entailed. The calculation for the sheer allowance thus forms the major 
portion of the whole computation. 


The deeper loading for tankers and timber-carrying ships appears to give universal satisfaction and 
is based on the experience of countries, other than Great Britain, who have consistently loaded to even 
greater draughts than sanctioned by the Convention. 


The necessity for clearing rapidly the decks of timber carrying ships of sea water is obvious, and 
something more than the Convention requirement of the provision of ordinary freeing ports seems to be 
necessary in the form of additional large scuppers led overboard from the deck. 


There appears to be a very generous superstructure allowance for all steamers having the freeboard 
deck covered completely by a superstructure with the usual tonnage opening, when compared with the 
allowance under the present regulations. From this point of view it is not understood why ships of 
236 feet in length, and below, with standard depth, sheer, &c., should have a negative summer freeboard ; 
that is to say the complete superstructure allowance is greater than the tabular freeboard. In the actual 
assignment the freeboards would be limited to two inches from the top of the freeboard deck, but the 
necessity for this in ships of standard proportions is not clear. 


I join, with the members present this evening, in expressing our appreciation and thanks to 
Mr. Watt for his useful paper, which has brought the Convention regulations within a limit that can be 
understood easily, and will prove of great assistance to the Surveying Staff. 


Mr. S. T. Brypen. 


First of all I have to thank Mr. Watt for this succinct account of the various loadline committees 
and conferences held since 1922, which, with his previous paper, forms a complete history of Loadline 
Regulations up to the present time. 


It is a paper which does not admit of criticism, but rather stimulates the spirit of enquiry. Here 
are a few questions which occur to me. 


Has anything been done in this country, as a result of the protest by the Advisory Committee of 
1929, to increase the maximum fine of £100 for overloading ? 


Turning to the section dealing with the scope of the 1930 Convention (on page 6), are ships trading 
between adjoining countries, like Canada and the United States, and Mexico and the United States, 
exempted from loadline requirements ? 


Has provision been made for the institution of an international tribunal to ensure the impartial 
application of the Convention regulations by different national assigning bodies ? 


With regard to the length-depth correction for shallow vessels (page 8 of paper), Mr. Watt states 
the reduction to be applied is in the ratio of the /east height of the superstructure to the standard. Is 
this the meaning of the Convention, or does it not mean the ratio of the average height of the super- 


structures (including those of less than standard height) to the standard height? The Convention is not 
very clear on this point. 


With regard to trunks on the freeboard deck, is Mr. Watt of the opinion that the trunk and bridge 
and/or poop are penalised when the openings in bridge or poop front are closed by Class 2 appliances, on 
account of the danger of the bulkhead and trunk side forming a pocket in which water might collect, 


5 


and thus enter the erections through the Class 2 openings? Apparently no penalty is applied to a trunk 
where no bridge is fitted, or in cases where a bridge is completely open, so that water cannot collect on 
the deck. 


Can Mr. Watt give us any figures for the percentage increase in weight of timber deck cargoes due 
to the absorption of moisture ? 


Commenting generally on the Convention, it is unfortunate that the various loadline conferences of 
recent years appear to have been bound by the desire to obtain freeboards for ordinary cargo vessels 
similar to those obtained under the 1906 Regulations, regardless of whether the basis of those regulations 
when applied to vessels of somewhat unusual type was fair or otherwise. 


To base freeboard on a vessel’s length rather than on her depth is open to criticism, as freeboard is 
surely a function of depth. 


The necessity of any correction for variations in the ratio of length and depth is a matter of opinion, 
as for any given draught in the case of a vessel of fixed depth, any increase or reduction in length at that 
draught leaves the reserve buoyancy (expressed as a percentage of the vessel’s displacement) constant. If, 
in spite of that fact, a length-depth correction is deemed necessary, it is hard to understand why the 
seems ‘i of length to depth should have been taken at 15, when the average for existing vessels is 
about 12%. 

The definition of “sailing vessels” in the Convention will enable tow-barges and other non-propelling 
vessels to take advantage in future of the smaller freeboards assigned under the “steamer” rules; _pre- 
sumably because when in tow they are always under control, and do not require the extra freeboard for 
stability which is required by a sailing vessel when heeling before a beam wind. 


It is noted that the magnitude of the percentage allowance for partial superstructures is dependent 
upon the extent of the bridge, but not upon its exact position amidships as in the case of the allowance 
for excess sheer. . 


With regard to the penalty for a flush-decked vessel (page 11) the Convention is too vague as to 
what constitutes an erection which would exempt the vessel from the flush-deck penalty. Thus it appears 
that the fitting of a forecastle less than one-tenth of the length of the vessel and of less than standard 
height, would enable a 400 ft. vessel to escape a penalty of six inches. 


Although the Convention expressed its desire to obtain freeboards similar to those obtained under 
the 1906 Rules, it would appear that the majority of freeboards (other than those of flush-decked vessels) 
are peruse. This is unfortunate in the case of the smaller vessels whose freeboards are small enough 
already. 

The Convention sheer allowances will induce builders to design new vessels with a very satisfactory 
form of sheer curve, but are rather hard on existing vessels with greatly excessive sheer forward but 
a fall in sheer aft. 


The most marked reduction in ordinary freeboards is that in the case of ‘ paragraph 18” ships. In 
practice this will have little effect on existing vessels, as most of the vessels of this type are passenger 
ships with sub-division loadlines. The Convention, however, may encourage the building of cargo vessels 
of this type, which are particularly liable to be pooped by a following sea. 


With regard to the carriage of timber-deck cargoes, the opinion has sometimes been expressed that 
the Convention was wrong in not insisting on the entire cargo in holds and on deck being of timber, as an 
unscrupulous owner could overload his vessel in the hold with a heavy cargo other than timber and then 
put enough timber on deck to bring the vessel down to her timber loadline. Investigation, however, has 
shown this to be impossible, as no reduction in freeboard is permissible under the Convention unless the 
wells are fiiled up to at least the standard height of a bridge. Even with the lightest form of timber, the 
weight of such a volume is much greater than the increase in deadweight due to the extra draught under 
the timber deck loadline regulations. 

In the conditions for assignment in the case of tankers (page 19), perhaps the greatest emphasis needs 
to be placed on the need for a really sturdy fore-and-aft gangway in connection with the deeper loading, 
as in anything more than a moderate sea, this will be the only means of communication between the 
various portions of the working platform of the vessel. 


In conclusion, may I again thank Mr. Watt for his excellent paper. 
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Mr. R. Dunsmuir. 


Mr. Watt is to be congratulated in giving the Staff Association such an interesting paper on “The 
History of British Freeboard Regulations, 1922-1930,” and is due the thanks of all the members of the 
Association for his latest contribution. 

The most interesting part of the paper is the section dealing with the International Convention, 
1930, and it is this section which ane fs demands our attention, in order that we may be conversant 
with the regulations when they come into force. 

Fortunately, the author, in his comments on Convention Freeboards, explains various points which 
were not quite clear in the International Convention publication. The paper is one which does not allow 
criticism, but is more in the nature of instruction, and on that account, with the author’s kind 
permission, I venture to seek information by asking a few questions, on which I hope he will throw some 
light. 

The questions to which I would like to refer are more in regard to sheer, and are as follows :— 


1. In the case of a vessel having a complete superstructure, with a tonnage opening, and 
having no sheer at freeboard deck. 
Is sheer taken at freeboard deck or superstructure deck ? 
2. This question refers to a paragraph on page 98 of the International Convention—Sheer, 
Rule liv, General and last Clause—which states ‘‘Where a Superstructure is intact or access 
openings in its enclosing bulkheads are fitted with Class 1 closing appliances, and the super- 
structure deck has at least the same sheer as the exposed freeboard deck, the sheer of the enclosed 
. portion of the freeboard deck is not taken into account.” 
This clause is not clear, so I should like, if the author would give, an interpretation of its meaning. 


In conclusion, I thank Mr, Watt for his very interesting and instructive paper. 


Mr. J. M. Murray. 


I should like to thank Mr. Watt for his paper, which embodies a concise history of the events leading 
up to the new freeboard regulations, and elucidates the regulations themselves, thus enabling the outsider 
to gather an idea of the reasons for some of the regulations which he would not otherwise obtain. 


It is with considerable diffidence that I venture to make a criticism, not on Mr. Watt’s admirable 
summary, but on the revised freeboard tables themselves. I consider it a pity that the opportunity was 
not taken to simplify the whole business, as it appears to me that the revised Rules are still unduly compli- 
cated, and not any easier to apply than those which they will supercede. 

Generally speaking it may be said that the freeboard regulations have in view two objects, viz :— 

(a) The limitation of stresses on the ship’s structure. This of course is bound up with the 
standards of strength required by the various classification societies, and does not need any con- 
sideration here. 

(b) The seaworthiness of the ship, as affecting the safety of the ship, cargo and crew. 

The second item depends on the following :— 

1. The geometric properties of the ship. 

2. The weather to be encountered. 

3. The trade in which the ship is engaged, which among other things may affect the disposition 
of the cargo, and thence the period of rolling and pitching. 

4. The trim and stability of the ship. 

5. The engine power of the ship. 

6. The skill with which the ship is handled. 

In fixing the freeboard regulations it has been possible only to take complete account of the first of 
these items, and to a certain degree the second and third. In view of the other factors which enter into 
the question, and for which no legislation has, or possibly, can be provided, it appears to me that complicated 
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corrections for sheer and to a lesser degree round of beam are not justified; freeboards which are fair 
between ship and ship, which is after all an important criterion of a freeboard, could be obtained 
without them. 


No doubt there are other sides to the question which I may have overlooked, and possibly Mr. Watt 
will bring these to my notice. 


Tn conclusion I would again thank Mr. Watt for his paper which comes at an opportune time for 
those without any great experience in the old, or knowledge of new Freeboard Regulations. 


Mr. 8. TowNSHEND. 


It has long been realised, by those who have had to deal with freeboard assignment, that anomalies 
exist in respect of the freeboards of different types and sizes of ships, that differences prevail between the 
freeboard tables of this and other countries, and that there are also discrepancies in the conditions of 
assignment. By attaining international agreement on freeboard assignment a very great step forward has 
been made, and, in most respects, the anomalies, differences, and discrepancies, referred to above, have 
been eliminated or reduced by the International Convention, 1930. 

The Convention’s proposals secure, inter alia, the following more important results :— 


(a) Greater security of deck openings, particularly in ships having large hatchways. 
(b) Increased freeboards for flush deck ships. 

(c) Increased freeboards in very small ships. 

(d) Slight reductions in the freeboards of most ships other than those in (0) and (c). 


(e) Elimination of the freeboard anomaly of the ship fitted with a forecastle and long bridge, 
but without a poop. 


(f) A standard of strength which is measured in way of deck openings only, instead of the 
previously recommended two standards, one in way of deck openings and the other clear of the 
openings. 

It is, however, obvious that the general effects of the 1930 Convention have been directed to 
devising formule which will produce, as far as possible, the same results as obtained by the present 
freeboard tables. Considerable ingenuity has been displayed, but it is perhaps disappointing that so 
great a labour has brought forth so small an improvement. 


The assignment of freeboard is so closely associated with the strength of existing ships, and with 
their deadweight-carrying and freight-earning capacity, that any material alterations to the freeboard 
tables might easily have a serious effect on shipping, and this probably precludes any one country alone 
from making a drastic revision of its freeboard tables. These considerations tie the hands of those who 
might seek to improve freeboard assignment, but, now that international agreement appears in sight, the 
way may be paved for a more satisfactory and scientific solution. 


In the discussion on Mr. Watt’s previous paper I referred to this aspect, and produced curves which 
showed the undeniably unscientific basis of the existing freeboard tables. Can Mr. Watt say whether 
the freeboards of the International Conference, 1930, are in any way nearer to a more scientific 
solution ? 


The deeper loading of tankers is at variance with the theory of reserve buoyancy, but can be 
defended on the sound basis of increased strength and reduced vulnerability of deck openings. The 
standard of strength which will entitle a ship to the maximum deeper loading is not defined, and one 
wonders how the differences between the standards of the various classification authorities will be dealt 
with. Further, the present practice is to make the construction of the ends of the tanker clear of the 
oil, the same as for a cargo ship. Will an increase in strength at the ends be required if a new tanker is 
intended to obtain the maximum deeper loading ? 


It is noted that there is no limit to the dimensions of trunks on deck. An increase in height of 
trunk, with the accompanying increase in draught, might prejudice stability, and tend to produce a 
tender ship, and I should be glad to have the author’s opinion upon this point. 
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Very elaborate treatment is laid down for sheer allowance, and I think the matter has been unduly 
complicated. If a ship has slightly deficient sheer forward it appears that the master could so trim his 
ship that this deficiency could be compensated for. If an owner said that his ship was designed to trim 
one foot by the stern he could have the sheer allowance computed, and the freeboard assigned 
accordingly, but could any steps be taken if, thereafter, his ship was loaded so as to be on an even keel ? 
it woe appear unfair to penalise the owner when no general penalty is made for ships trimming by 
the head. 


REPLY BY THE AUTHOR. 


The discussion has shown that, in spite of the fact that the question of freeboard has been passing 
through the mills of expert criticism for about 16 years, the interest in the subject has not abated. 
Whether the final solution can be regarded as eng satisfactory, or more satisfactory than some of its 
predecessors, is open to question, but it is probable that for many years to come it will be the standard for 
assignment not only in this country, but in all the maritime countries of the world. 


Most of the questions asked refer to the interpretation to be placed on various paragraphs in the 
Convention. 


Now it has been pointed out that as this Convention must be ratified by Act of Parliament and must 
be accepted in its entirety, every clause must be interpreted in its strictly legal sense. The simple answer 
to all questions must therefore be “the Convention means meg what it says.” I am afraid it is not 
possible at this stage to give an independent answer to most of the questions, as they involve interpre- 
tations which are under consideration by the assigning bodies in this country, and doubtless are receiving 
consideration in other signatory countries. 


It would be vain to hope that all parties will interpret all the requirements in the same manner, and it 
is probable that at some future date a further conference will be necessary if uniformity of procedure is 
to be achieved. 


It might interest members to have my personal interpretation of obscure points in the Convention 
and in its application, but this might prove misleading in practice, and might not correspond to the 
interpretations to be agreed upon by the assigning bodies. As I have no doubt that steps will be taken 
in due course to bring these agreed interpretations to the knowledge of Members of the Staff, I consider 
it more prudent to leave the matter to its natural development. 

Tam afraid I must also leave such questions as :— 

1. Why is the standard length-depth ratio fixed at 15? 

2. Why should the position of a bridge affect the allowance for excess sheer ? 

8. Why should superstructures which include a detached bridge get a greater allowance than 
superstructures of the same total length, but not having a detached bridge ? 

4. If “stability” be the answer to (8) does not this encroach on another subject and does not 
this raise the question of beam which does not enter into tabular freeboard ? 

5. What constitutes a superstructure which would exempt a ship from the flush deck penalty ? 

6. Why differentiate between sheer forward and aft when the balance can so easily be upset 
by trim ? 

The President raised the question as to the effect of the Convention regulations on existing freeboards. 
In reply 1 can only say that in view of the opinion expressed by various Committees that the existing 
regulations, with only minor exceptions, were entirely satisfactory in their results, it would be difficult to 
secure agreement to any scheme which proposed any restriction in loading. Further, the mass of evidence 
in relation to the deeper loading of timber carrying ships and tankers was not available when the 1913-15 
Committee considered the question, and it was felt that this evidence could not be ignored if International 
agreement was to be achieved. 


With regard to the simplicity of the matter I can assure him that a similar idea was entertained 
when the 1906 Regulations were framed, but when “decisions” are added to “regulations” it will be 
found that the time factor, that is the time occupied in a survey, or in the preparation or checking of a 
report, will be very considerably increased. 
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In the discussion on my previous paper on the subject, Mr. S. Townshend raised the question—Has 
the question of freeboard been solved ? He returns to the question in the present discussion. ‘The same 
question is raised by Mr. Blocksidge, and the President suggests that the last chapter in the history of 
freeboard has not yet been written. It may be said at once that the problem has not been solved, and 
the last chapter will never be issued. It might be useful, however, to suggest some broad lines along 
which a solution might be sought. As is well known, the regulations have been based on experience 
gathered from past and existing practice, and therefore takes account of the voyages usually undertaken 
by ships of different dimensions, from the smallest coaster to the large liner. No one would suggest that 
a ship of 150 tons could be employed safely on the North Atlantic service on the freeboard permitted by 
the present, or proposed, regulations. But the freeboards recommended are stated to be intended for 
international voyages, without any restriction as to geographical situation or length of voyage. It is not 
suggested that the freeboards to be assigned to small ships are unsuitable for the service in which they 
are usually engaged, but it is suggested that a geographical limit should be imposed. 


On this principle, freeboards would be divided into, say, three categories, viz., ocean going, coasting 
(which might include home trade limits), and partially protected waters. 


A. OckEan-Goine SHIPs. 


Under the Convention regulations, a steam lighter of 150 tons, having a length of 100 feet and a 
moulded depth of 10 feet, and having no sheer or superstructures, would have a freeboard, from top of 
steel deck, of 17 inches in Summer, 19 inches in Winter, and 21 inches in Winter North Atlantic. 


Can anyone suggest that such freeboards are suitable for ocean-going service ? 


At the other end of the scale we have the large cargo and passenger liners. Under the existing and 
proposed regulations a ecrtain relationship between size of ship and weather conditions is assumed, but 
wave or storm conditions cannot go on increasing indefinitely, and, therefore, a point must be reached 
when such conditions cease to be a factor in the problem. At this point no further increase in freeboard 
is required, and the freeboard curve will be represented by a horizontal line. 


But mere size is not the only factor to be considered. It is difficult to conceive why length, which 
is neither a measure of the percentage of reserve buoyancy or of the height of platform, should enter 
into the question of freeboard. It is also difficult to conceive why a variation in block coefficient should 
affect the freeboard. ‘That these facts have already been recognised is shown by the smallness of the 
correction made within the ordinary limits of design, and by the fact that, under the existing regulations, 
the correction for length is suddenly halved when the superstructures cover ,°;ths or more of the ship’s 
length. 


In the accompanying diagram, I have endeavoured to set down what might be considered to be a 
reasonable and logical basis of freeboard. The freeboard is based on moulded depth, in association with 
sheer, which is a function of depth, and ignores length, beam, and coefficient of form. The standard of 
sheer is that adopted by the International Convention. 


A is the proposed freeboard for a flush-deck steamship. 
B is the proposed freeboard for a steamship having 50 per cent. superstructures. 
© is the proposed freeboard for a steamship having 100 per cent, superstructures. 


D is the proposed freeboard for a flush-deck steamship having the moulded depth to the 
second deck as shown in the diagram, and a height of seven feet six inches from the second deck 
to the freeboard deck. 


A, is the Convention freeboard for a flush-deck steamship having a length equal to 13 times its 
depth and a block coefficient of *76. 


B, is the Convention freeboard for the same ship, but with 50 per cent. superstructures. 
C, is the Convention freeboard for the same ship, but with 100 per cent. superstructures. 
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B. Coasting SuHIps. 


It has been argued that on account of the proximity to Jand and the nearness of other ships, ships 
engaged on Coastal service should be allowed to load deeper than ocean going ships. 


It must never be forgotten that governments are not concerned with the safety of ships, but with 
safety of life. Now the best way to ensure the safety of life is to make ships safe. Navigation in crowded 
waters and near a coast in stormy or foggy weather, presents dangers as great as navigation in the open 
sea, and it is suggested that the freeboards for ships engaged in this service should not be less than those 
recommended by the International Convention. This policy has been adopted by the Board of Trade in 
the Bill now before Parliament for the ratification of the International Convention. 


C. Suips TRADING IN PaRTIALLY PROTECTED WATERS. 


It would be impossible to frame regulations which would be entirely suitable to every condition of 
service, but it is thought that the protection afforded by geographical conditions might be taken as an 
offset to the lack of superstructures and general protection of deck openings, and that therefore present 
freeboards might be considered as generally satisfactory. 


Further a large proportion of ships engaged in this service are passenger ships and therefore governed 
by the sub-division regulations. 


I desire to thank all who have taken part in this discussion and the larger number of colleagues at 
home and abroad who have written to me on the subject. 
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COMPOSITE VESSELS. 


By J. A. LOWSON. 


READ 117TH FeBRUARY, 1931. 


The recent challenge for the America’s Cup has brought into prominence the subject of the 
different methods of construction employed in the building of large yachts. The latest challenger 
(“Shamrock VY”) was built on the composite method of construction, and this paper has, therefore, been 
prepared with a view to putting in concise form some of the important points to be considered in this type 
of vessel. The composite system comprises 


(1) Vessels with steel framing and beams having outside planking of wood in one or more 
thicknesses 
or 
(2) Vessels with steel] framing having intermediate framing of wood (either bent or sawn to 
shape) in conjunction with outside planking of wood in one or more thicknesses. 
In each case a wood deck is fitted. 


I have attempted in this paper to show briefly as many forms and details of construction as possible. 
There may be more details shown in a particular type than appear to be necessary but this has been done 
in order to minimise sketches and to reduce the length of the paper. 


The subject has been dealt with on lines similar to the paper I had the privilege to submit to the 
Association on ‘‘ Wood Ships and Yachts” and is intended to show the methods of construction applicable 
to the various types while, at the same time, avoiding, as far as possible, repeating the details given in 
my previous paper referred to above. 


FASTENINGS. 


Fastenings in outside planking of composite yachts are usually composed of nut and screw bolts, hove 
up on the inside of the steel frame and the steel plating or diagonals, with or without washers. Where it 
is not practicable to fit the fastenings square off the surface, bevelled washers are cut to suit the angle. 
In small yachts, screws are sometimes fitted in the steel frames, or the metal fastenings are clenched over 
on the steel framing, the holes in the frames for the latter having a slight countersink in way of the 
clench. 


Fastenings are recommended to be rough turned and not to be machined and are often fitted with a 
square neck to prevent them turning whilst being hove up. Grommets or flannel washers, coated with 
plastic composition, should be fitted under all heads. All fastenings should be coated with “thickstuff ” 
(paint) before fitting when embedded in wood materials. The nuts may be chamfered on both sides, which, 
apart from showing a good finish, prevents the nuts bearing on the outer edge and causing distortion of 
the shank stem. This obviates the tendency to strip the thread of the screw should the fastenings be 
slightly out of alignment after driving. ‘ Drift” should be allowed for the fastenings in boring the 
planking or wood frames, as is customary in wood vessels. Yellow metal screws are in most cases used for 
the plank-end fastenings to the stem, sternpost and deadwood, although dump fastenings are occasionally 
fitted. The question of removal for repairs makes the latter method objectionable. 
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The fastenings of outside plank butts are fitted in various ways, as shown in Fig. 24, connected 
by bolts in large yachts and clench fastenings in smaller types. The most favoured is the diamond 
plate type. In many cases, however, the plank butt is secured to a butt plate, riveted between the frames 
in way of the planking, as shown. When the butt plates are riveted to the frames, the position of the 
plank butt requires to be first lined off to allow for the my being riveted before the fitting of the 
planking. A considerable number of butt fastenings usually fall on the steel plating, diagonals, etc., 
so that only a small number of plank butt straps is required. Plank butts have been fitted of the same 
thickness and material as the outside planking and secured by clench fastenings to it, the edge of the 
butt strap having a connection to the adjacent plank or extending over the seaming, as shown. Where 
steel butt straps are fitted, it is advisable to have them well coated or galvanised before fitting, so as to 
prevent “ bleeding ” if any moisture appears at the butt. 


The diagonals on the outside of the steel framing are usually connected to the outside planking by 
fastenings similar to those through the frames, and, where the diagonals intersect the frame flange, the 
plank fastening is fitted in the diagonal clear of the heel or toe of the frame if this is not practicable in 
the frame flange. 


The lower edge of the garboard planking is secured to the rabbet of the keel by screws or dumps. 
In large vessels and vessels of specially heavy construction, cross bolting to the keel is also adopted. 
(See Fig. 6.) 


Deck planking is usually fastened to the steel beams or plating by snap or hexagon-headed screws, 
or by nut and screw bolts having square heads where appearance is not a consideration. Where bolts 
are fitted, dowels are fitted over the heads and bedded in “thickstuff.” Where beams are fitted on 
alternate frames, side fastenings are fitted between the frames in the caulking edges of the planks below 
the mouthing to prevent the planking rising between the beams. The margins at the stringer plate and 
king planks at the centre line are fitted and secured by nut and screw bolts, dowelled on top and fitted 
clear of the toe of the beams. 


WOOD KEELS. 


The keels in small composite yachts consist of a wood keel only, having a rabbet worked into the 
siding to take the garboard or sand strake. The floor connecting angles are fastened direct to the 
wood keel with nut and screw through bolts as shown in the small sketch, Fig. 13. 


Wood keels are fitted in the same way as those of wooden yachts. Scarphs may be fitted 
longitudinally, transversely, or tapering as shown in Fig. 8. The wood keel is connected to the plate 
keel with nut and screw bolts, arranged as shown in Fig. 1, with additional fastenings in way of the 
scarphs. The holes for keel fastenings should be drilled to template, so that when the many parts 
composing the keel are fitted together, alignment is exact, otherwise any slight deviation in any one 
member may throw the remainder of the keel fastenings, etc., out of line, resulting in a considerable 
amount of alteration as the construction proceeds. 


As a precautionary measure against water lodging between the surfaces and finding its way into the 
interior of the yacht through the fastenings, should any of these break or draw with the working of the 
yacht, the surfaces faying to the plate keel should be treated with a generous supply of “thickstuff” or 
a layer of canvas, previously treated with ‘ thickstuff,” should be placed between the surfaces. Sometimes 
the surfaces between the keel plate and wood keel are pumped up with “ thickstuff” to fill any void 
between. Nut and screw bolts should be dowelled or well bedded on the underside of the wood keel after 
fitting. The scarphs should be dowelled or tie bolts fitted in order to assure a perfect surface joint when 
they are ultimately fitted to the steel structure. There should be a stopwater fitted at the rabbet in way 
of the scarphs as in wood vessels. In Fig. 6, the garboard strakes are shown fitted with through side 
fastenings to the wood keel, making a strong combination. The side keel fastenings are fitted one in 
each frame space, clear of the keel fastenings, and extend as far aft and forward as practicable. In small 
yachts, it is not customary to side fasten the keel and garboards. In yachts liable to ground or sit on a 
beach, a false keel is fastened to the lower side of the main keel and grounding keels as shown are 
sometimes fitted to take the wear which would otherwise be taken on the main wood keel and planking. 
The false keel is secured to the main keel by dump fastenings as shown. 


Le 
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PLATE KEELS. 


The flat plate keel extends to the underside of deck on stem and to the sternpost or as far aft as 
practicable in cases where a stern or horn timber is fitted. Side plate keels are fitted in way of the ballast 
keels and extend as far forward and aft as practicable and are connected to the plate keel by continuous 
angles as shown in the sketches. Where the rise of floor is slight, the keel plate may be flanged and is 
increased in width accordingly, as shown in Fig. 6. At the ends where it is flanged amidships, an angle 
is introduced to obviate the excessive bevelling of the keel plate. ‘The type of keel most favoured is that 
shown in Figs. 7 and 11 and is the simplest form so far as the erection of the materials is concerned as it 
allows the floor plate connecting angles to the keel to be riveted previous to the fitting of the keel plate 
on the top of the wood keel. The type of keel shown in Fig. 6 necessitates the wood keel being fitted to 
the plate keel after the frames are erected and also the removal of the keel blocks in way of each length of 
wood keel to carry out this operation. Plate keel butts are generally single strapped, but when lapped 
butts are fitted, the wood keel requires to be scored in way of the lap or the keel plate joggled. In Fig. 1, 
there is a keel plan showing floor angles, fastenings for scarph, wood keel bolts, also ballast keel bolts, from 
which it will be seen that care is required to be taken to prepare for all these details before fitting 
together the various parts of the keel. The riveting and number and size of fastenings are given in 
the Rules and are not, therefore, indicated thereon. At the ends of the yachts where the bevel of floor 
angles is excessive, the floors are usually flanged to the keel plate, sufficient to allow for the riveting to 
the keel plate, and are riveted to it before the keel plate is fitted on top of the wood keel. 


STERNPOSTS AND DEADWOODS. 


The formation of the sterns of yachts differs so much that it is proposed only to deal with a few 
cases. Sternposts and deadwoods fulfil the same functions as those for wood vessels and are erected in 
place before attaching the keel plate thereto. They may be in one piece or log, or a series of logs either 
fitted vertically or horizontally. When sternposts are built horizontally, it is the usual practice to have 
a vertical log at the after end of the horizontals to avoid end grain. The vertical logs are tenoned or 
dowelled to the wood keel. The horizontal logs are first dowelled and then bolted together, either right 
through or to one another in stages. Where shaft logs are fitted in single screw yachts, they are bolted 
to the lower logs diagonally as shown (Fig. 26), so as to avoid any through fastenings being cut in boring 
for the stern tube ; if the deadwood logs are bolted vertically, the position of the diagonal bolting is 
arranged to suit the diameter of the stern tube. The sternpost and shaft logs may have to be increased in 
siding so as to properly house the stern tube and to allow for the nut and flange at the after end, 
also to make allowance for the removal of the planking rabbet. A minimum amount of material in 
way of the tube should be about twice the thickness of the outside planking, clear of the rabbet, to allow 
for the fastenings of the planking at the ends. Different types of sternpost and deadwoods are shown 
in Figs. 1, 14, 21, 22 and 23, also the methods of building up the logs and their arrangement of 
fastenings. Fastenings require to be arranged for each particular type to suit the timber available, and 
no specific rule can be laid down, each case being decided on its merits at the time of construction. 

Horn or stern timbers are fitted in composite yachts similar to those in wood, the keel plate being 
carried as far aft as possible and as shown in the sketches. The floor attachment angles in way of 
the stern timber are riveted to the keel plate or fastened to the stern timber to which the stern framing 
is attached by floors or bracket plates as shown (Fig. 21). The bilge diagonal plating in some yachts 
is carried aft and fastened to the horn timbers by screws or dumps. 

In large yachts, the stern is usually built up on a steel transom floor with stern cants similar to 
a steel vessel. 

Where the rudder mainpiece is of wood, the sternpost between the horn timbers must be sufficiently 
wide to house it, and allowance should be made for the cheeks of the rudder casing or trunk to be 
securely attached to the sternpost. A lattice girder or other equivalent supports between the deck and 
stern framing may be necessary at the after end if the yacht has a long overhang. Sails are often stowed 
in the after part of the vessel and in such cases any extra stiffening necessary should be arranged so as 
not to break up the stowage space. One method of attaching the sternpost to the horn timber is shown 
in Fig. 1. In this case, the horn timbers are supported by bracket plates fitted on each side of the 
rudder trunk casing and connected to it by through fastenings. Rudder trunks in composite yachts are 
fitted in a similar manner to wood vessels and it is not considered necessary to deal specially with them 
in this paper. 
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STEMS. 


Stems are fitted in composite yachts in the same way as in wood yachts. The section of the stem is 
to rule dimensions and shape is determined by the yacht’s form. Each part should be as long as the 
materials available will permit and scarphed if fitted. in more than one length. The stem is securely 
attached to the plate keel by through bolts and nuts or by clenched fastenings. An arrangement of 
fastenings and the method of securing it to the steel plate is shown in Fig. 1. Where the siding of the 
stem permits, the fastenings are usually fitted diagonally alternately from each side, hove up on tapered 
washers (Fig. 5). Where scarphs are fitted, dowels or tenons are sometimes fitted to keep the scarph in 
position until the parts are permanently bolted, or the scarphs may be held in position by additional tie 
bolts of a smaller size than the keel bolts. The stem is securely fastened to the wood keel before the 
plate keel is fitted in position with the usual precautionary arrangements as mentioned for deadwoods or 
sternposts. Where the dimensions of the materials available will not allow of the stem moulding at the 
heel to be in one, a filling-in piece (Fig. 1) is arranged to make up the deficiency, all being through 
fastened to the keel plate by nut and screw bolts as shown. The stem has a rabbet cut out of the siding 
to suit the planking. The necessary stopwaters are fitted at the scarphs on the rabbet line in a manner 
similar to those in wood yachts. When stems of oak are fitted, padding of teak or canvas soakéd in oil or 
“thickstuff” should be liberally applied between it and the steel to prevent oxidisation of the steel caused 
by the acid nature of the wood and the oxygen in the oak. In small yachts, stems are built in the same 
way as in those entirely of wood, and, if necessary, additional stiffening forward and abreast of the masts 
is fitted as shown in Fig. 14, or other suitable arrangements adopted. The intercostal angle in this case 
is bolted to the stem or it may be secured by wood screws. 


FRAMING. 


The steel framing of composite yachts differs so slightly from those built entirely of steel that it is 
considered unnecessary to deal to any great extent with this part of the construction. It is, therefore, 
proposed only to make a few comments on the following points. 

The connection of the framing to the plate keel and stem and sternpost and sterns are dealt with 
under their various items. Webs, partial bulkheads or equivalent stiffening is arranged in way of masts 
or where considered necessary on account of local stresses, also bulkheads are fitted and constructed as 
required and are fitted in a similar manner to those in a steel vessel and need no explanation. 

In small yachts, the frames are sometimes let into the siding in way of the rabbet by scoring out the 
wood keel and extending the flanges below the upper moulding edge of the keel, secured by a fastening 
through the shell flange as shown in Fig. 13. In the majority of yachts of larger dimensions, the frames 
finish at the upper or inner moulding of the wood keel and are riveted to the floors as shown in Figs. 7, 
9,11 and 13. Although in the former method a considerable amount of extra labour is necessary to score 
out for the steel frame flanges, it adds considerably to the strength of the connections to the wood keel, 
especially when an outside ballast keel is fitted. 

Where portable ballast is to be carried and placed against the framing, the frames are doubled 
extending above the ballast or the framing at the wood keel may be fitted as shown in Fig. 9. It is not 
always possible to decide, before the launch, where the portable trimming ballast is to be stowed so 
equivalent stiffening may have to be decided upon on the completion of the vessel. Where portable 
ballast is carried on top of the floors, the reverse frames on the floors require to be doubled or other 
equivalent arrangements made. , 

Floor plates are connected to the wood keel by short angles or flanged and riveted to the keel plate as 
shown in the details. The riveting of the floor connections should be flush on the under side of the keel 
plate in order that the plate will fay on the wood keel. 

In yachts with bent wood frames in conjunction with steel frames, the bent frames are rabbeted into 
the wood keel as shown (Figs. 12 and 14) and may be fitted either before the outside planking is wrought 
or afterwards. In the latter case, the garboard strake of planking is sometimes left off for access to secure 
the heels of the frames to the wood keel. The usual practice is to fit the garboard strake and for a 
through fastening to be fitted afterwards through it and the heel of the frame. The difference in 
moulding at the stringer is made up by filling pieces, as shown, driven after the stringers are fitted (Fig. 12) 
and secured by the through fastenings of the stringer, 
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In small yachts, the practice has been to fit sawn or bent frames abaft the post attached to the stern 
or horn timbers with wood or wrought iron knees or floors. The frames are rabbeted into the stern 
timbers wherever practicable, as in wood vessels. Where steel frames are fitted abaft the sternpost, the 
framing is connected to the sternpost in the manner shown in Fig. 21, or other suitable arrangement 
could be adopted. 


Wrought iron floors on bent or sawn frames are fitted in a similar manner to wood vessels. Floors 
fitted forward on bent frames are jumped through the intercostal mast stiffening as shown (Fig. 14) ; 
where these floors are fitted midway between the steel frames and not on a bent frame, padding is fitted 
under the floor and extending a short distance above the toe of the wrought iron floor, or a partial bent 
frame is introduced in way of the floor. Wood floors are sometimes introduced in the heel of small 
vessels where the width is narrow, as shown (Fig. 14), in lieu of wrought iron floors. 


BEAMS. 


Beams in composite yachts are connected to the frames by knees or bracket plates as shown in the 
sketches. Where beams are fitted on alternate frames at the upper deck, bracket plates are fitted to the 
heads of the intermediate frames and riveted to the stringer plate as shown (Fig. 16). 


Beams of wood are fitted in smaller yachts, associated with a longitudinal shelf of wood, and are 
fitted in the same manner as in wood yachts. They are connected to the shelf by a dovetail, dump or 
screw, or may be secured with a nut and screw bolt through the beam and shelf. The nut and screw 
bolt in the latter case prevents the beam rising from its seat and, should the fastening draw and allow 
the beam to rise from the shelf, it can be reseated by screwing up on the nut on the underside of the 
shelf. In the case of the dump or screw, the only remedy is to fill in the aperture between the shelf and 
the beam with hardwood until such time as a new deck is laid or the margin renewed, when the beams 
can be reseated. Beams when fitted of wood are secured to the framing by bracket plates as shown 
(Fig. 8), the fastenings either being secured under or through the siding of the beams. 


LONGITUDINAL STRINGERS OF WOOD. 


In yachts where intermediate bent wood timbers are fitted after the outside planking is wrought, the 
stringers and longitudinal members of wood are afterwards fitted on the inside of the steel framing in 
order to facilitate the fastening of the outside planking, especially when the fastenings are clenched on the 
flange of the steel frame. The yacht’s fairness is maintained by cross ties at intervals or by the beams of 
the cabin flat. When the intermediate wood frames are bent before the planking is wrought, a consider- 
able number of ribbands require to be fitted to maintain the form of the vessel and to hold the frames in 
their faying position to take the outside planking afterwards. The longitudinal shelf is connected to the 
steel framing by a fastening secured to a lug or reversed angle, riveted to the frame at the deck height 
where no reversed frame is fitted (Figs. 18 and 19). The method of fitting and securing the wood 
longitudinals is shown on the detail plans (Figs. 12, 13, 19 and 20). Nut and screw bolts are fitted to 
the wood stringer and shelf with the nut on the outer side under the reversed angle on steel frames, the 
head being fitted on the inner surface of the shelf. Care should be taken in small vessels that too much 
material is not removed from the shelf for fitting the beams when the latter are of wood. The position 
of the shelf should be arranged to suit the moulding of the beams. In small vessels the shelf is sometimes 
increased in depth and area and fitted hard up to the margin plank in order to get additional screw 
attachments as shown (Fig. 20). The shelves, stringers and keelsons of wood should be fitted in as long 
lengths as is practicable, with a scarph, horizontal or vertical, covering if possible two or three frames, 
and should have, in addition to the frame fastenings, additional fastenings between as considered necessary, 
according to the type of scarph fitted, or additional fastenings may be fitted, if practicable, in the reversed 
angle on the steel frame. When intermediate bent frames are fitted, additional through plank fastenings 
should be fitted through them in way of the scarphs, provided that the extra fastenings do not weaken 
the structure at that part. Filling pieces are fitted between the wood frames and the shelf to make u 
to the same moulding as the steel framing. At the ends the longitudinal stringers should be connected, 
if practicable, to a transverse member by a knee or bracket or attached to the stern chock. 
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LONGITUDINAL STRINGERS AND PLATES. 


Longitudinal stringers and keelsons are fitted as shown on the detail plans, and as the methods of 


attachment and fitting can be easily understood from the sketches, it is not considered necessary to 
describe same. 


On the outside of the framing, longitudinal plates are fitted at the bilge and sheer, extending as far 
forward and aft as possible, connected to the stem, sternpost or deadwoods or vertical keel plate by screw 
or dump fastenings to wood and riveted to the steel framing as shown in the various plans. Between 
the bilge and sheerstrake, diagonal plates (Fig. 1) are usually fitted as required, and connected to the 
longitudinal plates by laps or straps. At their intersection, the diagonals are joggled and riveted 
together, but where the diagonals intersect on a frame, diamond plates (Fig. 24) may be introduced to 
prevent scoring too much out of the outside planking. 


In yachts where a large number of bulkheads are fitted, a steel plate is sometimes fitted at each 
bulkhead between the keel plate and bilge plate, and between the bilge plate and the sheerstrake, 
extending a frame space on either side of the bulkhead and the diagonal plates dispensed with. Where 
widely spaced tialihekad are fitted, a similar arrangement has been eat with the addition of the 
diagonal plates referred to. In way of large spaces for machinery, the framing is sometimes plated over 
and caulked in order to prevent the saturation of the outside planking with oil, and also to confine the 
leakage of oil to the machinery space. The leakage of oil, where no steel plating is fitted, finds its way 
through the caulking and seams of the outside planking, and also between the bilge and keel plates into 
other compartments. In sailing yachts, in way of the masts, steel liner plates are sometimes fitted on the 
outside of the steel framing in lieu of diagonals, and extend over a number of frames forward and aft of 
the mast position, and are fitted between the bilge plate and sheerstrake, the deck beams being plated 
over for a similar length between the deck stringer plate, forming a staple knee in way of each mast. 


Deck stringer plates are fitted in composite yachts similar to those in steel vessels. At the after end 
they are rabbeted into the stern chock (Fig. 1) and fastened to it by screws or dumps. A stringer 
angle is fitted on the outer edge of the stringer plate, or the plate may be flanged down (Fig. 7) to form 
a connection to the sheerstrake when the latter is not extended above the deck. The deck stringer is 
connected to the sheerstrake plates as shown in the detail sketches. Deck ties are fitted as required fore 
and aft and at hatchways, with diagonals in way of masts as shown in Fig. 1. 


BULWARKS. 


Bulwarks and their supports are built up in various ways, and a few types showing their formation, 
the arrangement of fastenings and their connections to the structure, are shown in sketches Nos. 2, 6, 10, 
15, 16,17 and 18. The outside planking is sometimes continued above the margin plank, finishing with 
a capping on top as shown in Fig. 18, the bulwark support is secured by bolts through the margin plank 
and outside planking and the fastenings require to be fitted in place before laying the deck. Where the 
bulwark is one plank deep fitted on top of the margin plank, flush surfaced with the outside planking, 
the bulwark is secured by secret fastenings as shown in Fig. 17. In this method of securing, care requires 
to be taken in boring the bolt holes through the outside plank edge and also efficiently closing the ‘ port 
hole” after screwing up. Should the bulwark in the latter case get damaged, the tendency would be to 
burst the outside planking and destroy the topstrakes. To effect repairs, the topstrake would require to 
be renewed, involving considerable expense. 


The old type of bulwark which was set in from the outside planking (Figs. 15 and 16) provides 
against draw of the fastenings and allows for their hardening up or repairs with the least possible trouble. 


Fig. 2 shows a type of bulwark support also secured by secret fastening screwed up from below the 
deck. This support is let into the margin plank and caulked all round, the “bolt ports” in this type are 
of sufficient dimensions to take the nuts of the fastenings only, the nuts bearing on a washer plate in the 
aperture. The “port” is closed before securing the wash strake. 


The method of fitting supports as shown in Fig. 10 is for a slot to be cut in the stringer plate large 
enough to allow the support to pass without cutting the stringer angle. The support is rabbeted to allow 
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it to pass the angle and a filling piece is fitted behind it and the sheerstrake to make up the moulding 
removed. ‘The support and its filling is secured with through fastenings to the outside planking as shown. 
Should the fastenings draw into the materials, hardening up is carried out by screwing up nuts inside the 
vessel. Before fitting the washstrake, the stanchion foot is caulked all round. Supports to bulwarks are 
sometimes increased in size to take davits, and, where any fittings are secured to them, care should be taken 
either to stiffen or securely fasten them to the main structure. Trouble is very often caused by bulwark 
supports leaking, and too much time cannot be spent in securing a good fitting to the margin where they 
pass through, especially on the outer edge against the washstrake. Another method of fitting shallow 
bulwarks is to support them with brackets usually of yellow metal, each being cast to a pattern to suit 
the necessary bevels, the brackets being secured to the deck and bulwark with either nut and screw bolts 
or stout screws. 


The bulwarks at the stem and stern are usually fashioned into the knightheads at the stem and into 
the taff rail or chock at the stern. 


OUTSIDE PLANKING. 


The planking or outside skin of a composite yacht is composed of one or more thicknesses wrought 
longitudinally. The garboard planks in large yachts are usually of greater moulding at the keel seam 
than the remainder, and rabbeted into the keel as shown (Fig. 6) and tapered to suit tbe planking 
thickness. In the majority of cases, the first and second strakes of planking are wider at the heel of the 
vessel and fashioned to suit the framing at that part, and are of increased thickness before working, so 
that, when fitted and dressed off, the necessary thickness remains at the seaming edges. This applies 
also to the round under the counter. Planking is secured at the ends to the stem and sternpost or stern 
chock by screws or dumps. The lower edge of the garboard strakes when the form is as shown in 
Figs. 7, 11, 12 and 18, is secured by screws along the rabbet of the wood keel. The planking is secured 
to the steel frames by nut and screw bolts, and in small yachts the fastenings may be clenched over on 
slightly countersunk holes in the steel frame. 


When the outside planking is composed of two thicknesses, each layer is fitted independently of the 
other, and the position of seaming in a vessel of this type would be arranged as shown (Figs. 19 and 20). 
Difficulties often arise in the case of large yachts with double skins on account of the number of 
fastenings through the frames, and this method is not considered to be economical. As the faying and 
fitting of double skins require very careful workmanship, this form of construction is not adopted to 
any great extent, unless for racing yachts. A sketch showing the arrangements adopted in a yacht 
consisting of steel frames with bent wood frames between is shown in Figs. 19 and 20. The seaming of 
the inner thickness in this case is worked flush with “tub” joints, the faying surfaces being treated with 
varnish before fitting the outer planking. The seaming of the outer thickness may be caulked and stopped, 
or caulked and fitted with wood wedges in long lengths, glued in the seaming. The finishing strake at 
the top and bottom would have a rabbet as shown. 


Outside planking is usually seamed as for a wooden vessel, and when of extra thickness the planking 
requires only to be mouthed half-thickness ; at the bilge, mouthing may be unnecessary. 


DECKS. 


Decks are laid in the same way as those of wood yachts and are connected to the deck beams, stringer 
plates or ties by screws or bolts, dowelled on top. The margins in most cases are secured by nut and 
screw bolts, the heads being sunk into the planking and dowelled. When screws are used, the length of 
the stem should be long enough to go through the planking about two-thirds the finished thickness. 
Around hatchway openings or where large deckhouses are fitted, tie plates should be fitted to connect the 
deck ends to, and secure the hatchway coamings. Deck planks are arranged to butt on a small plate 
riveted to the beams, if it is not practicable to keep them on the tie plate or diagonal plates. The butts 
of the deck planks are usually lined off before laying the deck so that the steel plates to secure the butts 
may be riveted before the deck is laid. The butts of deck planks are sometimes checked and secured by 
the deck screw fastenings, thereby eliminating the butt plates referred to above. The plank ends, if they 
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do not finish on the steel plate, are half checked on to the margin of king planks and are secret nailed. 
King planks are fitted in the majority of yachts at the centre line and are made up of wide planks, usually 
of hard wood. The seams of deck planks are mouthed to take the caulking to the same extent as those 
for wood yachts. The deck at the after end is connected to the stern chock, waich is rabbeted to take it, 
by secret fastenings which are usually metal nails. In the case of a large yacht having a stringer plate 
fitted around the stern, the deck ends are secured by screws or nut and screw bolts. The decks are 
caulked with cotton or oakum and payed with marine or American putty glue or other suitable substitute. 


SHAFT CHOCKS. 


In fitting chocks to house the stern tubes in twin screw yachts, it is the usual practice to fit the 
shaft log in one piece; the frame is cut at the upper and lower edges and angle frames are fitted around 
the log and connected by a bracket or other similar arrangement. The log may be rabbeted to take the 
planking which is secured to the shaft chock by screws or dump fastenings. The frame fastenings, 
which are either screws or nut and screw bolts, are arranged to clear the stern tube. Sometimes the shaft 
log is fitted over the planking on the outside and over the framing on the inside, the steel framing bein, 
cut in way of the stern tube and a reversed angle fitted around the inside surface of the log and HAetad 
to the frames. There is considerable difficulty in fitting the log over the framing on the inside, the 
watertightness in this case depending on the caulking around the edges of the outside log. The former 
arrangement has been adopted in full power vessels and has been very successful, the latter being adopted 
in auxiliary vessels of small power. Sometimes the framing is bossed in a similar manner to steel vessels 
and the shaft log fitted to the framing. Owing, however, to the great care required to be taken in 
working the shaft log to suit the framing, this latter method of construction is not often adopted. 
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COLD STORES AND THEIR EQUIPMENT. 


By D. GEMMELL. 


Reap 4TH Marcu, i931. 


The arrangements of cold stores and their equipment cover a very wide field and as only a limited 
description can be given in a paper of this kind, the author has endeavoured to give a general outline of 
the principal types adopted in this country, at the same time incorporating some remarks which are 
applicable in their principles to cold stores in general. 

A short reference to the history and development of refrigeration might be of interest. 

The production of low temperatures artificially is by no means a modern discovery. It is known that 
ice was made by the Romans in the year 1600 B.C. by using a mixture of snow and saltpetre, and it is 
recorded by Orosius in A.D. 400 that the Esthonians had a method of freezing liquids. Prior to 1880 ice 
from such natural sources as rivers and lakes was employed in America and the Baltic in ice storage houses 
for the preservation of food, but these occupied a large space and with their limited range of temperature, 
imperfect ventilation and uncontrolled moisture it was not a satisfactory method of storage. 

The earliest record of mechanical refrigeration is that introduced in the year 1849 by Doctor Gorrie, 
an American, who produced low temperatures by the compression and re-expansion of air. 

It is, however, only within comparatively recent times that improved systems have been devised 
which have made refrigeration as applied to the many industries which it serves, a commercial success. 

The extent to which the industry of refrigeration has grown within recent years is sufficient evidence 
of the important part which it plays in the life of the nations. From an economic point of view cold 
storage is a vital factor in preserving and conserving the supplies of perishable foodstuffs from the 
season of plenty to that of scarcity, thus furnishing the consumer at all times with an adequate and 
wholesome food supply, and at the same time stimulating production and extending the producers’ 
market to an all-year-round basis. 

The birth of the cold store was due in great measure to the development of the extensive overseas 
trade in refrigerated produce, which was brought about by the scarcity of meat in Great Britain, the 
home producers being quite unable to supply the nee:!s of the population. 

The first attempt to transport meat overseas by means of mechanical refrigeration was made in the 
year 1877, when a small shipment was carried in the ss. ‘‘ FRIGORIFIQUE,” from Buenos Aires to France. 
This voyage occupied three months, and a considerable part of the meat was fit for human consumption. 
Some months later a shipment of mutton was carried in the s.s. “PaRAGuAy,” with improved refriger- 
ating machinery, and after being on board about seven months, it was landed in very good condition. 

No further attempts were made to transport meat by refrigeration until the year 1879, when the 
ss. “ STRATHLEVEN,” carrying 40 tons of frozen beef, mutton and lamb from Sydney, Australia, arrived 
in London on the 2nd February, 1880, with the whole consignment of meat in perfect condition. 

In those days the meat was cooled down on board the vessel, but soon after the successes of the 
early shipments had been established, meat freezing works were rapidly constructed in Australia, New 
Zealand and South America. 

Many of the large vessels now engaged in this trade transport in a single shipment more than 4,000 
tons of meat, valued at about a quarter of a million pounds sterling. It is estimated that London alone 
consumes about 1,000 tons of frozen and chilled meat every day, and that this imported meat 
represents 80 per cent of the meat consumed in London. 

A further impression of the enormous trade which is carried on in this industry can be gathered by 
reference to Messrs. Weddel’s Review of the Chilled and Frozen Meat Trade for the year 1928, which 
states that $90,334 tons of chilled and frozen meats were imported into the United Kingdom in that 
year, and that the total import value was £50,141 ,088. 

The total weight of chilled beef was 478.226 tons, that of frozen beef 130,900 tons, and frozen 
mutton and lamb totaled 281,208 tons. 
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The total weight of beef, mutton and lamb exported in 1928 by the freezing works of the world was 
estimated at 1,059,164 tons. 

It is interesting to note that in the year 1928 the carcases of mutton and lamb imported into Great 
Britain and Ireland numbered 15,762,766. 

The chilled beef is transported direct from the ships to the wholesale markets and thence to the retail 
trade for immediate consumption. 

The greater part of the frozen beef, mutton and lamb is placed in cold stores until required for 
marketing. 

Such valuable shipments involve risks which are covered by numerous standard clauses approved by 
the Institute of Underwriters. 

These clauses provide that the risk commences on the loading of the meat on board the vessel and/or 
in refrigerating stores in the United Kingdom for a period not exceeding 60 days from the arrival of the 
vessel at its destination, on a warrant that the meat has not been more than 30 days of this period on 
board the vessel. The assured by express agreement warrants that the meat is in good condition and 
properly dressed, cooled and frozen at the freezing works. It is necessary that the interests of both the 
assured and the underwriters should be safe-guarded by a guarantee that the meat is in perfectly fit 
condition at the commencement of the risk, and it is usual for the assured to obtain a certificate to that 
effect from the freezing works before shipment. 

These clauses also provide that the cold stores in the United Kingdom shall be approved by the 
Institute of London Underwriters. To obtain this approval the proprietors of the cold stores must produce 
reports from the Classification Society to the effect that the stores are fit for the safe storage of frozen 
meat. 

The public cold stores of Great Britain and Ireland which are classed with Lloyd’s Register of Shipping 
have an approximate total capacity of 87,590,570 cubic feet. 

Taking the space occupied by one ton of meat as 100 cubic feet this capacity represents available space 
for approximately 875,905 tons. 

ie addition to these the cold stores abroad which are classed with this Society have a total capacity of 
5,884,140 cubic feet. 


SITUATION OF COLD STORES. 


Public cold stores are of necessity erected in large industrial centres, and where possible they are 
aia within easy reach of the meat markets, so that the minimum of time and handling is required in 
elivering consignments of cold storage products. Such sites in our large cities are very costly, and this 
fact often leads to the selection of a less advantageous position. Large consignments of cold storage 
commodities are transported from the store to other towns, and with this in view, it is arranged, if 
possible, to have the store adjacent to a railway. 

A typical example of such a store is that of the Port of London Authority, situated at the Royal 
Albert Dock, where the frozen meat is discharged directly by crane from the ship into the store, and when 
required is conveyed to Smithfield Meat Market in insulated road vans, or by rail to distant towns in 
insulated railway vans. 

The supply of cooling water to the condensers is also an important consideration in relation to the 
site of a cold store. Considerable expenditure can be avoided where dock or well water can he obtained 
instead of town water, which is generally costly. 

In London, a number of large cold stores are situated on the banks of the river Thames, and large 
quantities of frozen meat and other refrigerated goods are conveyed from refrigerated ships to these stores 
by means of insulated barges. 


BUILDING CONSTRUCTION. 


Cold storage buildings may be divided into two classes, those which are constructed especially for 
this purpose, and existing buildings which are adapted for cold storage. Of the first, the type most 
generally adopted in this country, is that of skeleton steel and brick construction, with ferro-concrete 
floors. Fig. 1 illustrates a type of the construction in which the steel framework is constructed of double 
stanchions, each pair being connected at the floor levels by ties. The outer stanchions are encased in 
brickwork, which is continuous with the brickwork of the panels, and the inner stanchions are placed 
at a distance equal to the desired thickness of the insulation, which, in modern buildings, is almost. 
exclusively cork slabs. This arrangement permits of the insulation being carried between the walls and 
the edges of the floors and faces of the outer columns, thus forming a continuous unbroken shell of 
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insulation around the walls from the ground to the roof of the building. The wall insulation meets 
the insulation of the roof and floors, so forming a complete envelope unpierced by heat conducting 
projections with the exception of steel distance pieces at each floor connecting the double stanchions, and 
tie rods between the walls and floor joists. These projections are of small area, and the heat leakage 
through them is of little consequence. 

The walls are generally made with hard vitreous bricks which give greater resistance to the passage 
of air and absorption of moisture than ordinary bricks which are very porous. 

The cooling of the refrigerated chambers to a temperature much below that of the outside atmosphere 
creates a difference of pressure between the inside and the outside, the cold air occupying less space than 
the original warm air. If the room is tightly closed, air will be drawn in through the walls of the building, 
accompanied by moisture in suspension which jwill be precipitated in the insulated wall where the dew 
point is reached. It is, therefore, important that the walls should be carefully built and be as airtight as 

sible. 
a When slab insulation is to be used the inside surfaces are made reasonably smooth and level so that a 
complete bond may be made between the wall surfaces and the surfaces of the slabs. 

The intermediate floors and the roof are generally of steel and concrete. In the best practice sufficient 
steel is employed in their construction so that deep members can be dispensed with and the floors made in 
flat slabs, thus simplifying the work of insulating and piping where the direct expansion cooling system or 
brine circulation is employed. This method of construction is particularly advantageous where the air is 
circulated by mechanical means as projections from the ceilings of the chambers interfere with the direct 
passage of the air. The roof is generally flat and the concrete roof slab is covered with a layer of asphalte 
about Sin, in thickness and is continued up the sides of the parapet walls, forming a complete water seal. 

The foundations of the ground floor are made of rubble and several inches of concrete, and here it 
is important that the insulation should be adequate. The earth below the foundations remains at a 
fairly constant temperature which may average ahout 50° F, so that considerable heat leakage can take 
place through faulty foundations and inefficient floor insulation. 

This may lead to a much more serious loss by the freezing of the earth, especially where the 
foundations are not efficiently drained and protected from the percolation of water. Ice forming under 
the foundations will lift a building, no matter how heavy, and cause the walls to fracture, the floors to 
lift, and eventually endanger the whole structure. 

An interesting case of this kind in the author’s experience took place at a large cold store in 
London, situated on the bank of the River Thames. The intermediate floors were constructed of wood 
with 12 in. steel joists at intervals, supported from the ground floor by steel columns. The section 
affected had been used over a period of 20 years for storing goods at temperatures ranging from 10° F to 
15° F, and during that time a gradual rise in the ground floor took place until the maximum rise at the 
centre of the floor area was 9 in., the steel floor joists above being set up a corresponding amount. 
At that time this section was converted for other purposes, atmospheric temperature conditions 
being established. The ice has been thawing out and the ground has gradually settled down, leaving 
the columns hanging from the steel joists anJ about 5 in. clear of the floor at their lower ends. No 
cracking of the walls was observed in this case. 


FERRO-CONCRETE BUILDING CONSTRUCTION. 


Buildings constructed entirely of ferro-concrete have been erected in this country, but they have 
been adopted to a much greater extent in America. 

The monolithic construction of reinforced concrete buildings is a great source of strength, the columns, 
floors slabs, beams and walls being all continuous with each other. 

The proportion of steel reinforcement to concrete has an important bearing on some of the essential 
points to be observed in the construction of cold stores. If the steel reinforcement is cut down the concrete 
must be increased, resulting in large columns, projecting into the chambers and occupying useful storage 
space. It also necessitates very deep beams which are haunched where they join the columns, and the 
secondary beams are also of considerable size. These beams projecting from the ceiling of a chamber form 
undesirable air pockets and the pipes or air ducts cannot be fitted close to the ceiling slab. 

The steel reinforcement for the floors is generally sufficient to allow the use of shallow secondary beams 
which do not exceed the depth of the concrete floor slabs, thereby eliminating air pockets. 

As in the case of structural steel buildings the insulation passes through slots between the intermediate 
floors and the walls, so forming an unbroken sheet from the top of the building to the bottom. 
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Ferro-concrete floors are sometimes constructed entirely of a floor slab supported on the columns only, 
the main and secondary beams being entirely dispensed with. The heads of the columns are enlarged to 
include a reinforcing panel either circumferential, radial or rectangular, and of suitable size to reduce the 
shear to the value allowed. 

This type is most suitable for buildings in which there are two or more columns in both directions 
equally spaced. An example of this type of construction is shown in Fig. No. 2. 

In existing buildings adapted for cold storage purposes their varied construction calls for special con- 
sideration in each case, the details of the construction of the insulation being largely governed by the type 
of building. The principal factors to be taken into consideration are the condition of the walls, the strength 
of the floors and the nature of the subsoil under the foundations. 

The floors if of wood construction must be carefully examined for dry rot, especially where the joists 
or beams are embedded in the brickwork ; they may require some reinforcement and pillars may have to be 
fitted at intervals to distribute the load. 

When granular or fibrous insulating materials are used wood studs or grounds of the required depth 
of insulation are erected vertically against the walls and these are lined with tongued and grooved boarding, 
the spaces between the studs which are placed about two feet apart, being filled with the insulating material. 
A double sheet of waterproof paper is sometimes placed over the faces of the studs between the wood linings 
and insulation. Wood floors are generally lined over the lower edges of the joists and the spaces between 
the joists filled with the insulating material. In old buildings having concrete floor slabs the most suitable 
insulation to fit is slab cork as it can be laid on top of the floor and a ribbon of insulation about three feet 
wide can be applied underneath at the outer edges of the floor slab, joining up with the wall insulation. 
Especial care is taken to carry the insulation round all beams and girders. In some cases the beams and 
girders are only insulated over a length of from four to six feet in from the wall. 


INSULATION. 


The success of any system of refrigeration depends very largely upon the efficiency of the insulation. 
The insulation is the medium by which the flow of heat is retarded or checked in its passage from the 
warmer atmosphere into the storage chamber, and the refrigerating machine may be tefinind the pump which 
evacuates this heat. It is therefore obvious that the more efficient the insulation the less power will be 
used by the refrigerating machinery. There is no perfect insulating material but the best material should 
fulfil as nearly as possible the following conditions :— 


Conpit1on No. 1.—The material should be an efficient non-conductor of heat. Materials in which 
the molecules are most widely spaced are the best insulators. Air is a good insulator under certain 
conditions. Still air is a good insulator, but when air is confined in a space of any appreciable size, 
convection currents pass freely, which offer a ready means of heat transfer from the warm to the cold 
surface. Most commercial low temperature insulators are made of some substance which has a low 
specific gravity, and contains myriads of minute air cells or spaces. In this manner the insulating effect 
of the air is obtained, and the danger of having convection currents throughout the substance is reduced 
to a minimum. 

Conpitr1on No. 2.—The material should be sanitary and odourless. From a hygienic point of view 
an insulating material must be free from mould, rot, odour and vermin. The large insulation spaces in 
cold storage buildings make excellent breeding places for all kinds of rodents and insects, so the construc- 
tion of the insulation should be such that it will not harbour them. 

It is most important that the insulating material and all the materials used in connection with it be 
odourless, as many foodstuffs are of a delicate nature and peculiarly susceptible to tainting and 
contamination. 

Conpition No. 3.—The material should be non-hygroscopic, and, as far as practicable, impervious to 
air. Most heat loss is either directly or indirectly, to or from the atmosphere, so that prevailing 
atmospheric conditions, especially as regards humidity, form an important factor in the choice of an 
insulating substance. Where high temperatures are dealt with, the heat flow is outwards to the atmos- 

here, so that the insulation is subjected to a continual drying process, but with low temperatures the 
beat flow is inwards from the atmosphere, causing a continuous precipitation of moisture, due to conden- 
sation of water vapour, from the air which is in contact with the cold surfaces. 

Water is said to conduct heat at about 14 times the rate at which heat flows across dry air cells ; 
therefore the substance should be impervious to moisture. The presence of moisture in some substances 
causes rapid decomposition. 
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ConpiTion No. 4.—The material should be fire resisting. In order to reduce the risk of fire and 
the consequent loss of buildings and the valuable produce stored in them, the insulating medium must be 
fire-resisting or at least slow burning. Insulation in slab form is now almost universally adopted, and it 
is usually faced with Portland cement, or a hard setting white cement, which gives a valuable protection 
against fire. 


INSULATING MATERIALS. 


Various substances having highly non-conductive properties have been used in the insulation of 
cold stores. Charcoal, sawdust and diatomaceous earth or kieselguhr were at one time greatly used, but 
these were liable to settle down between the containing linings, leaving voids which greatly decreasd 
the efficiency of the insulation as a whole. These substances have some affinity for moisture and often 
become completely frozen. Air spaces which were formed between the walls and the wood linings were 
in many cases moisture traps, and soon the linings became rotted and leakage of the insulating material 
took place. Silicate cotton, known also as slag wool, has been used as an insulating medium for many 
years, and although not now used in what is considered the best practice for modern cold stores, it is 
often used where it is found necessary to cut down the initial cost of the equipment, and in this 
case it is generally used for insulating areas which do not communicate with the outside atmosphere. 
Its fibrous nature makes it suitable for filling in along the tops of the walls of chambers, around joists 
which project through the ceilings, and in all places where there is difficulty in packing a granular 
insulation. Silicate cotton is sometimes used to insulate floors which are constructed of wood joists, but 
in the case of walls, where there is a danger of moisture collecting, cork is generally used. When silicate 
cotton becomes wet its fibrous structure breaks down, its insulating value is seriously impaired, and it 
creates conditions liable to promote the growth of rot and mould in the wood linings and studs. 

Fibrous materials of this kind are dependent on air spaces which are not independent of each other. 
The air content is entrapped between closely matted or interlaced fibres, and these interstices are 
connected one with another. When moisture comes into contact with such materials it is readily 
communicated by capillary attraction and gravity from one air space to another. 

Being purely mineral and entirely free from any animal, vegetable or other organic substance, 
silicate cotton is an ideal medium for resisting fire. It has no smell and it does not absorb odours. It 
should not be packed so tightly as unduly to crush the fibres and expel the air contained in the 
innumerable air cells. When properly packed and subjected to a pressure of about 100 lbs. per super- 
ficial foot, silicate cotton should weigh approximately 14 lbs. per cubic foot, and this is quite common 
practice, but it will give slightly better insulating efficiency if packed at say 12 to 13 Ibs. per cubic foot. 
Silicate cotton is manufactured by melting various rocks or slags in a cupola, and when the fluid mass is 
flowing from the furnace it is impinged upon by jets of high pressure superheated stcam, blowing it into 
minute molten globules, which in passing through the air into a chamber leave long fine threads behind 
them which become interlaced. Some of these globules solidify before expending themselves into threads 
and these are termed “shot” as they are about the size of fine shot. Silicate cotton used for insulating 
purposes should be fairly free from “ shot ” which depreciates its insulating value. 

Cork is now the most extensively used substance for insulating cold stores. It contains innumerable 
sealed air cells, so minute that there are many millions of them in a cubic inch. It has been determined 
that the gaseous part of cork constitutes about 53 per cent. of its bulk. It has no capillary attraction 
for moisture, and it resists its penetration much more effectively than many of the substances used for 
insulating. 

Cork resists fire very effectively. When it is subjected to heat the air trapped in the cells nearest 
the surface expands to the bursting point of the cells, which in giving up their oxygen cause a rapid flash 
fire over the surface, which only burns the cork slightly, but leaves the outer surface charred and flaky. 
This first flash burning produces a protective coat of carbon around the remaining unburned portions 
which a subsequent flame penetrates with difficulty. Granulated cork is graded into different degrees 
of fineness, and that usually selected for low temperature work has granules which pass through a 4 or 
$ in. wire mesh. It has been used extensively in cold storage buildings, but in new construction it is 
being rapidly superseded by slab cork. The best quality of cork slabs are made by baking granulated cork at 
a temperature of about 700° F. in metal moulds under hydraulic pressure. The baking process brings 
out the natural resin of the cork which cements the granules together and coats them with a thin covering 
which is waterproof and forms an additional protection against the penetration of moisture. Lower grades 
of cork slabs are made by using a bituminous bond. Their insulating value is a little lower, as the bond 
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is a relatively poor non-conductor. The great advantages of slab insulation are that timber can be largely 
eliminated, and there is no danger of any voids being left as in the case of granular or fibrous insulations. 
It is extremely impervious to moisture, and it can be covered with a rendering of cement which adds to the 
fire-resisting properties of this type of construction. 

Many and varied insulating materials have been placed on the market within recent years, but for 
cold storage chambers of large capacity none have been found sufficiently attractive to replace to any extent 
those already mentioned. 


ERECTION OF INSULATION. 


Modern cold storage buildings are almost exclusively insulated with slab cork, which in addition to 
the foregoing advantages possesses considerable structural strength and can easily be bonded to walls, floors 
and ceilings with Portland cement or Asphalt. Cork slabs are made in one standard size, 12 ins. wide and 
36 ins. long, this being found the most convenient form for every purpose. It can be obtained in 1 in., 
14 in., 2 in., 3 in. and 4 in. thicknesses. 

The method of erecting cork slab insulation is illustrated in Figs. 3 and 3a. 

Where moderate atmospheric temperatures prevail the insulation of external surfaces is generally 
constructed of two layers of cork slabs each layer being either 3 ins. or 4 ins. in thickness. The question 
of thickness of insulation is one of capital cost against the running expenses of the refrigerating plant. 
Scanty insulation necessitates longer periods of running the machinery, with a consequent larger con- 
sumption of power, water and oil, and greater wear and tear of the working parts. 

_ As previously mentioned the inside surfaces of the walls are made reasonably smooth and level. Before 
the erection of the cork slabs, any unevenness on the walls is levelled up with Portland cement so that no 
spaces will be formed between the insulation and the wall. 

The Portland cement mortar in which cork slabs are erected is prepared by mixing one part by 
volume of cement with two parts of clean sharp sand. 

Before applying the cork slabs to the walls all dirt, loose mortar or other foreign matter is removed, 
and in the case of buildings which are being converted for cold storage purposes the walls are freed from 
all whitewash or paint, and this is usually done by hacking, 7.¢., chipping the surface of the brickwork 
with a hacking hammer. The floor at the base of the wall is cleared of any obstructions and care is taken 
to see that it is level, because the first layer of cork slabs is applied to the wall at the floor on a level line 
so that they are kept in perfect alignment, and all vertical and transverse joints in the upper rows are 
made to fit close and tight. The wall is sprinkled with clean water, one side of each cork slab is coated 
with half inch of Portland cement morcar and placed in position against the wall, pressed slightly into 
place and held for a few moments until the mortar begins to set. The mortar is kept off the edges of the 
cork slabs so that these butt closely together. 

The second row of slabs is started with half a slab, i.¢., 18 ins. long instead of the standard 36 ins., 
thus breaking the vertical joints. 

The wail insulation is butted tightly up to the ceiling and narrow spaces are filled in with strips of 
cork slab neatly fitted in place. 

Cement mortar should never be used to fill in spaces between the cork slabs. 

Two days are usually allowed before erecting the second layer of insulating slabs to give the cement 
backing ample time to set. 

The second layer is started from the floor with half-width pieces, so that the transverse joints will be 
broken. ‘The first piece is cut 27 ins. long, which gives a 9 in. overlap with the first 18 in. length of 
the first layer. The second row of slabs is started with an 18 in. length the full width of 12 ins. and 
successive rows being dealt with in a similar manner all joints are broken over the entire surface of the 
wall. The second layer is applied to the first layer with half inch of Portland cement mortar and the 
cork slabs are additionally secured by means of hickory skewers driven into the first layer at an acute 
angle. This layer is also finished off by fitting tightly to the ceiling and sufficient time is then allowed 
for the second layer to set before applying a finish over the insulation. 

The finish in the large modern cold store is usually Portland cement mortar applied in two coats 
each approximately } in. thick, the second coat being trowelled to a smooth surface. The thickness of 
the cement is sometimes increased to 1 in. or 1} in. for a height of about 4 ft. 6 ins. above the floor, 
which gives added strength to resist blows during the stowage of heavy produce. 

Owing to the disappearance of moisture and consequent shrinkage, Portland cement linings are 
liable to crack some time after they have set to a useful degree of strength for the purpose intended. 
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These cracks are liable to harbour dirt or decomposing matter, and they are unsightly in a refrigerated 
chamber. The surface is sometimes scored in 3 ft. squares, so that the cement will break in these 
grooves, and cracks can easily be filled in. 

In view of the liability of unsightly cracks forming in Portland cement linings, the insulation 
may be lined with one or two layers of } in. tongued and grooved boards nailed with galvanised nails 
against firring strips embedded at regular intervals between the cork slabs. This construction when 
varnished has a good appearance, but it is not so fire-resistive as cement, and being subject to low 
temperatures the boards are liable to dry out, shrink and allow moisture to enter the cracks, causing rot 
to take place. Ice may form between the boards and the cork, forcing the boards outwards and 
generally phe the efficiency of the insulation. Keene’s cement is sometimes used as a lining for 
slab cork. It gives an attractive smooth finish, but being of a somewhat soft nature it is very liable to 
be damaged by the careless stowing of goods, particularly mutton and lamb carcases, the shanks piercing 
the cement and leaving the cork exposed. 

The insulation of the ground floor is carried out in a similar manner to that of the walls, care being 
taken to break all joints between the slabs. The surface of the insulation is then covered with concrete, 
usually to a depth of three inches. When this is thoroughly dry a top coat of Portland cement or 
granolithic cement mixture is applied, of a minimum depth of one inch, this forming the working surface 
of the floor. Expanded metal or wire netting is sometimes used to reinforce the concrete wearing surface. 


The intermediate floors are insulated on the under side, and in some cases the cork slabs are applied 
to the finished concrete slab in the same manner as that described for the wall insulation. This, however, 
presents some difficulties in the case of ceilings, and unless the work is carried out in a thoroughly efficient 
manner there is a danger of the insulation collapsing. Generally in modern construction the concrete 
which forms the floors is poured on to the first layer of cork slabs. Wood shuttering is erected, the 
proper distance being allowed for the thickness of the first layer of cork. Care is taken to have the 
shuttering reasonably even so that the first layer will present a level surface for the application of the 
second layer of cork. The cork slabs are butted close and tight, so that when the concrete is poured on 
it cannot run down between the slabs and pieces of cork. 

Galvanised wire nails or wood skewers are driven obliquely into the upper surface of the slabs about 
three to every square foot. This provides an additional key to the concrete. The iron reinforcement 
is then laid over the cork before pouring the concrete. The concrete having been poured, it is allowed 
to set thoroughly before the second layer of cork is applied. The finished surface may be in Portland 
cement or Keene’s cement as in the case of the walls. 


The roof insulation is dealt with in much the same manner as for the intermediate floors, but it is 
an increasing practice to lay the cork slabs on top of the concrete roof slab, joiniug them up to the wall 
insulation, which passes through the slots left between the roof and the walls, so forming a complete 
envelope or shell of insulation from the ground floor to the roof. 


When it is necessary to divide the floors into two or more chambers, self-supporting partition walls 
are sometimes erected with wood studs between floor and ceiling, having one or more layers of cork slabs 
fitted between them. Where more than one layer is used, the reinforcement may take the form of a layer 
of cement mortar instead of wood studs. Steel girders and columns, especially those in cold storage rooms 
situated in ground and top floors are adequately insulated for the prevention of heat leakage and this is 
just as important and governed by the same considerations as the insulation of all the room surfaces. 

Pillars on the ground floor are insulated from an efficiency standpoint, but it is primarily important 
that they should be adequately insulated in order to prevent disastrous results to the stability of the entire 
building structure by the freezing of the earth at their bases. 

Portland cement mortar has been used for many years and it is still extensively used in the erection 
of cork slabs, but many now prefer to use hot asphalt which provides a complete air and water proof 
surface which cannot be obtained with the former. 

Asphalt cement should be carefully selected for certain properties and characteristics. It must be 
odourless so that the products stored will not be contaminated. It should be durable, flexible and 
adhesive. Before applying the cork slabs the surfaces to be insulated are coated with asphalt emulsion. 
This is a pulverised pure asphalt mixed with a certain proportion of cold water. At the factory the 
asphalt flows into a high speed emulsifying machine, the propellers whip the stream of asphalt into the 
most minute particles and at the same time combine it with water and a colloid such as asbestos fibres. 
In this way the particles of asphalt are held in suspension until after the emulsion has been applied to the 
surfaces, when the water evaporates, leaving the mixture of asphalt and asbestos fibres behind in the form 
of a homogeneous coating. 
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After the surfaces to be insulated have been made as flat as possible by truing up with cement 
mortar, this emulsion is applied cold with a hand brush or by means of a spraying machine. This fills 
every pore and provides a base for the asphalted cork slabs. “The hot adhesive asphalt used for the cork 
slabs should never be placed against a bare brick or concrete surface because it will chill and contract at 
once, leaving pin holes and it will not bond well with the wall. 

The emulsified asphalt should be kept from freezing during application and it will flow much better 
if the air temperature is not below 45° F. 

The adhesive asphalt is heated in shallow rectangular pans a few inches larger than the standard 
cork slabs. One flat side, one end and one edge of each slab is dipped in the molten asphalt and quickly 
applied t» the surface, pressed slightly into place and held for a few moments until the asphalt cement 
begins to set. 

All joints are broken and the cork slabs are butted and sealed tightly at all points of contact. The 
cork slabs of the second layer are applied to the first layer in the same manner and they are additionally 
secured with wood skewers driven obliquely, two per square foot. 

The surfaces of wall and ceiling insulation are finished as previously described. 


INSULATED DOORS AND AIR LOCKS. 


The doors of cold storage chambers are arranged to open outwards on to landings or corridors of 
sufficient width to give a uple room for the handling of trucks from the loading bank or lifts. Serious 
losses in refrigerating power are often incurred through doors being left open by the men handling goods 
in and out of the chambers. If the doors are of heavy construction this practice is almost inevitable. 
Heavy doors are sometimes supported on rollers which work on steel runners let into the floor, but whe 
their support is entirely dependent upon the hinges these very often become worn, the doors drop out of 
alignment and it is only with difficulty that they can be closed. In this condition it will be found that 
the doors are not effectively sealed and a consequent leakage takes place around the frame of the doorway. 

The modern tendency is to make doors as light as possible compatible with strength. To accompl sh 
this the thickness of the insulation is made less than that of the adjoining walls. It is considered that 
loss of cold air through a leaky door of heavy construction may be much greater tian that which would be 
lost by the (ess efficient insulation of the lighter door. 

The doors and their frames are made of timber bevelled at the sides and cross-braced with diagonal 
braces. They are usually insulated with two layers of cork slabs set in hot asphalt and lined with tongued 
and g ooved boarding. 

Many types of joints have been used, the most popular being felt or rabber tubing. 

The hinges are generally of heavy construction and of the adjustable type, so that any drop through 
wear can be rectified. 

Door fasteners are of the type which can be opened from either side of the door, so as to obviate the 
danger of men being shut in the chamber. ‘The fasteners not only close the door tightly by a wedge 
arrangement, but they ease the door off iis seating when opening. 

All door furnishings are galvanised. 

The sills of doors are usually bevelled so as not to interfere when trucking and a galvanised steel plate 
is fitted over the sills which can be renewed when worn. 

Cold storage chambers were at one time fitted with air locks inside the doors, these being con- 
sidered an advantage in preventing the escape of cold air. The air lock is a small insulated ante-chamber 
of sufficient size to allow a man and truck to enter and close the outer door before opening the door from 
the air lock into the storage chamber. The principle is good but it is very often neglected by the men 
handling the goods, who generally leave both Shera open when pushing a truck into the chamber. Where 
double doors are fitted in modern stores the air lock is merely a small enclosure carrying light but strong 
double swing doors which are pushed open with the truck and spring back into their closed position when 
the man has passed through. 


BATTENS. 


Vertical battens generally 2 ins. x 2 ins. in cross-section are fixel at the walls of the chambers and 
spaced about 14 ins. between centres. This spacing is considered to be sufficient to preserve a good 
circulation of air by preventing goods, whether in the form of carcases, quarters of beef or in cases, from 
lying against the walls of the chamber. 
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Care should be taken that no horizontal distance pieces are fitted between the vertical battens which 
would stop air circulation. The spaces should always be left clear from ceiling to floor. Sufficient 
portable battens 24 ins. x 24 ins. or 3 ins. x 3 ins. in cross section are provided for laying on the floors of 
the chambers to ensure the circulation of air under the refrigerated goods. 


PIPES AND FITTINGS. 


All pipes, valves and fittings on the low pressure and temperature side of the system which are 
exposed to ordinary atmospheric temperature are insulated with specially moulded sections of cork as 
illustrated in Fig. 4. 

The surface of the pipes and fittings is coated with an asphaltic solution, and the cork sections 
applied with a coating of hot asphalt. The sections are bound in place with wire and a finishing surface 
of Keene’s cement or canvas coated with asphalt applied. 


ELECTRIC LIGHTS AND WIRING. 


Cab-tyre or lead-covered cables are used for wiring in the chambers, and these are generally secured 
by porcelain or fibre clips. The old method of running the wires through tubing was very unsatisfactory, 
as owing to changes of temperature condensation took place inside the tubes with consequent deterioration 
of the insulation and shorting of the system. 

The number of lamps in the chambers is kept down to the minimum, as each one liberates heat 
which must be removed by the refrigerating machinery. 


REFRIGERATING MACHINERY. 


The mechanical production of low temperatures for commercial use, is mainly based on the employ- 
ment of certain substances which, as liquids, boil at low temperatures and moderate pressures, their 
vapours being cxpable of condensation at a higher temperature. 

Tie general process of refrigeration consists of the exposure of the surface of coils or tubes contain- 
ing the refrigerant, to the medium to be cooled, and the maintenance in those coils or tubes of a pressure 
corresponding to the temperature at which the refrigerant boils, this temperature being lower than the 
degree of cooling required. This pressure is maintained by the refrigerating machine which draws away 
the expended refrigerant in the form of vapour as it is formed. The vapour being compressed is dis- 
charged at a higher temperature into the coils or tubes of the condenser, which have water circulated 
over them. The refrigerant is thereby condensed to a liquid form at the higher pressure and corresponding 
temperature of liquefaction. The condensing water is at a temperature somewhat lower than that of 
liquefaction. The liquid refrigerant is then returned to the coils or tubes of the evaporator. 

Exceptions to this process of producing low temperatures, are the compressed-air and absorption 
systems, but as these have been almost entirely snpenisded in cold store equipment by the gas compression 
system, they need not be described in this paper. 

Numerous refrigerant gases have been used in the compression system, but in cold store equipments 
anhydrous ammonia is almost exclusively used, with the exception of a comparatively small proportion of 
plants which employ carbonic acid. 

A good deal of controversy has arisen as to the relative merits of these two refrigerants, but these 
are entirely governed by the physical properties of the two substances. It is sufficient here to say that the 
ammonia plant is generally adopted in preference to the carbonic acid plant for this class of work. 

The latter has advantages where the space available for the plant is very confined, but the question 
of space does not generally arise in connection with land installations. 

Refrigerating machines may be divided into three types, viz :—horizontal double-acting machines, 
vertical double-acting machines and vertical single-acting machines. 

Fifteen to twenty years ago almost all refrigerating units of large capacity were of the slow-speed type, 
mostly horizontal double-acting, and the reliability and satisfactory working of these machines were beyond 
question. Many of this type are to be seen to-day, still giving efficient service after almost continuous 
running for upwards of twenty years. 

A typical exampie of a horizontal double-acting ammonia machine is shown in Fig. 5. 

In this type of machine, simplicity, durability and accessibility are outstanding features. 
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The suction and discharge valves are arranged in the cylinder end covers and are placed in cages so 
as to admit of their removal without the necessity for disturbing the nee joints. The cylinder covers 
are of spherical shape and the axes of the valves are radial to them. By this arrangement the clearance is 
reduced to a minimum, the piston ends also being of spherical shape to suit. A section of a typical cylinder 
is shown in Fig. 6. 

The valves are of the mushroom type and they are provided with springs to close them quickly. 

The piston rod stuffing box generally has double packing spaces divided by a lantern gland from which 
there is a small connection to the suction pipe for the removal of any gas which passes the first section of 
packing. 

It is important that the gland be kept tight to prevent loss of ammonia and so the bedplate is of a 
very substantial or rigid structure to ensure permanency in the alignment. 


The suction and discharge pipes connecting their respective valves at each end of the cylinder are fitted 
with cross-over connections, so that the delivery line to the condenser can be connected to the suction of 
the cylinder. When it is necessary to effect repairs to the high pressure side this arrangement permits of 
the condenser and delivery line of piping being pumped clear of the refrigerant which is discharged with- 
out any loss into the low pressure or evaporator side of the system. 

These machines are generally belt or rope driven from electric motors, but in some cases they are 
driven through single reduction gearing. Their speeds vary from about 60 to 80 revolutions per 
minute. 

Fig. 7 illustrates a modern type of an ammonia horizontal double-acting refrigerating machine 
designed to run at about three times the speed of the older horizontal machine. 

The cylinder valves are arranged circumferentially round the cylinder, the suction valves being on 
the top and the delivery valves on the underside, thereby facilitating the inlet and discharge of the 
ammonia gas to and from the cylinder. 

The valves are of the light ring plate type of special steel, which provide a large area with low lifts, 
and the valve cages lessen the chance of a piece of the valve entering the cylinder in the event of 
breakage. 

When it is necessary or desirable to be able to vary the cooling powers of the machine when running 
at constant speed, a special variable clearance device is fitted to the back end of the cylinder. By this 
means the refrigerating capacity of the back end of the cylinder can be decreased while the machine is 
running at constant speed, the horse power being reduced. 

The machine illustrated is belt-driven from an electric motor of standard speed and design through 
Flenco Gear, by means of which the length of the belt drive can be reduced to the absolute minumum 
required for clearance between the pulleys. 

With this drive there is no appreciable belt slip, and it is claimed that the belt tension is 40 per 
cent. less than with an open drive, and that the efficiency is nearly 99 per cent. 

The tendency in modern design is to develop higher rotative speeds, which is responsible for the 
increasing use of the high-speed vertical machine. Most manufacturers of the high-speed machines have 
adopted the multi-cylinder vertical single-acting type. 

The term “high speed” is of course relative to the size of the machine, and the range is generally 
covered by revolutions of from 200 to 600 per minute. 


A section of a type of high speed single acting ammonia machine is shown in Fig. 8. The piston 
and suction valves are shown in Fig. 8B, and the safety head and discharge valves in Fig. 8c. 


The cylinders of ammonia machines of this type are mounted vertically on an enclosed cast iron 
crankcase, and the pistons are of the trunk type, fitted with scraper rings to prevent any undue passage 
of oil from the crankcase. 

Each cylinder is provided with a spring-loaded safety-head, which forms the top of the cylinder and 
houses the discharge valves. The safety head is virtually a valve, normally pressed upon a flat ground 
seating by strong compression springs, and which only opens when subjected to an excessive pressure in 
the event of any liquid refrigerant being drawn into the cylinder with the vapour. 

The suction valves are in the piston head, and they function by their own inertia, no springs being 
used. Large ports in the walls of the piston, which are in communication with ports in the cylinder 
casting, admit the return gas to the suction valves. The discharge valves in the safety head are provided 
with compression springs to ensure instantaneous closing. 
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The suction and discharge valves float on and off their seats in a continuous oil film, which serves 
to cushion their action and maintain gas tightness. The valves are of the ring plate or disc type, made 
from a special brand of carbon steel, heat treated and normalised to remove all internal stresses. A great 
deal of investigation was carried out before a suitable steel was found for this type of valve, and now the 
former trouble with broken valves has been almost eliminated. 

The enclosed construction of the crankcase necessitates only one gland of the simple rotary type. 
This gland is only subject to the suction pressure, and being incorporated in the forced lubrication system, 
the gland is always under oil pressure slightly higher than that of the ammonia when the machine is 
at work. 

All the bearings and working parts are under forced lubrication, the oil being drawn from the 
lower part of the crankcase through filters, by a valveless rotary oil pump in the end of the crank-case 
remote from the flywheel. 

The filters are in duplicate with bypass connections and they are situated outside the crank-case to 
facilitate cleaning. 

A large oil separator is fitted in the ammonia gas discharge line to prevent any oil from the machine 
ee over into the system. Cross over and pumping out connections are fitted as in the case of the 
norizontal machines. 

The high speed machine with its multiple cylinders and low starting torque is eminently suitable for 
coupling direct to any of the modern power units, such as an auto-synchronous motor, high speed steam 
or internal combustion engine. 

A type which has made rapid progress in recent years is the multiple suction ported supercharged 
sleeve valve compressor. This type has freedom from valve trouble, due to replacement of the ordinary 
type of suction valve by ports contained within a sliding sleeve, the latter being interposed between the 
piston and cylinder. ‘The sleeve is mechanically operated and so timed as to open during the correct 
intervals at each revolution. All need for periodical attention or grinding-in with regard to the suction 
inlet to the compressor is obviated, and the manufacturers state that the sleeves supplied in the earliest 
sleeve valve compressors are working as efliciently now as when first installed. This type of compressor 
is particularly suitable for working with two different suction pressures in the same cylinder, in cases 
where the refrigerating work is available at two distinctly different temperatures. Advantage can be 
taken of the movement of the sleeve in relation to that of the piston to avoid loss of capacity at the lower 
suction pressure, and the sleeve provides a definite shut off of the low pressure suction before the high 
pressure suction gas enters, whereas in the ordinary type of compressor with automatic suction valves the 
latter are closed only by the high pressure suction gas, with a piobabuility of leakage and further loss of 
capacity. Considerable saving in power consumption for a given refrigerating duty is claimed, both by 
reason of the supercharged principle which enables the work of two compressors to be performed with the 
friction of only one, and also by the greater weight of gas pumped, due to its not being heated to any 
appreciable extent on passing into the compressor cylinder. The light weight of compressor pistons, 
rendered possible by the elimination of the necessity for accommodating suction valves therein, also 
enables this type of compressor to run at higher piston speeds as well as higher rotative speeds, the 
compressor thus requiring the absolute minimum of engine room accommodation. Fig. 9 illustrates a 
sleeve valve compressor working on three different suction temperatures and pressures (two in each 
cylinder) 22°F. for ice cream hardening, 5°F. for ice making, cold stores and direct expansion ice cream 
freezing, and 23°F. for ice water forecooling. By manipulating inter-communicating valves in the 
manifolds the proportion of the compressor working on each of these duties can be varied at will while 
the machine is running. Fig. 94 shows a sleeve valve machine coupled to a heavy oil engine. 

Fig. 10 shows a multicylinder high speed CO, compressor of modern design. The working pressures 
of this refrigerant are several times as great as those of ther refrigerants, those in the low pressure side being 
between 200 and 500 lbs. per square inch, and the condenser pressure between 800 and 1,200 lbs. per square 
inch, according to the temperature used. On the other hand the volume circulated is only a fraction of 
that of other refrigerants. The distinctive features of this design are, therefore, the construction of the 
crankcase, cylinders and manifolds from solid steel forgings, and the relatively small size of the compressor 
as compared with its driving motor. 


CONDENSERS. 


The function of any type of condenser is not only to remove the heat absorbed in the evaporating 
part of the system, but it must also remove the heat which is liberated during the process of compression. 
An efficient condenser must perform this function at as low a pressure as is possible with the available 
cooling water, and the liquid refrigerant should he at the lowest possible temperature when it leaves the 
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condenser. The advantage of delivering cold liquid to the evaporation part of the system is that it 
lessens the loss at this point, where the temperature of the liquid must be reduced to the evaporating 
temperature before it can perform useful cooling work. 


In large towns where the cooling water is obtained from the companies’ mains, it is too costly to run 
the water to waste. To enable the water to be re-circulated at a reduced temperature, water cooling 
towers are sometimes used, and these are placed, if possible, on top of the building. 


Many types of open evaporative and double pipe condensers have been used in the past, but the one 
most favoured is the ordinary surface evaporative or atmospheric type. The atmospheric condenser 
(Fig. 11) now generally consists of a series of continuous welded coils of pipe arranged in two or more 
tiers securely clamped to vertical standards. Each tier has three interlaced coils terminating in short 
headers at the top and bottom. Valves are provided to isolate each tier, and these in turn are connected 
by common suction and discharge headers. The cooling water is delivered into troughs or slotted pipes 
above each tier, and gravitates over the pipes into a collecting tank below. Generally the water is con- 
tinuously recirculated, the losses by evaporation and spray being made up from the town water or some 
other source. Where an adequate supply of dock or well water can be obtained a great saving can be 
effected, and a lower temperature of cooling water maintained. 

The hot discharge gas enters at the top and the liquid is drained off at the bottom to the liquid 
receiver. In this arrangement the flow of gas and water are both in the same direction. This is 
undesirable, as the water flowing down over the lower pipes has increased in temperature to the point 
where it causes warmer liquid refrigerant to be delivered to the receiver than would be the case if the 
counter current principle were taken advantage of. It is considered by many, however, that the 
convenience and simplicity of this type of condenser more than compensates for such losses, especially if 
the condenser is placed in a suitable position, and ample surface of piping is provided. 


This type of condenser is generally placed on the roof of the building or in some open space where 
there is a good circulation of air. The action of water falling over the piping in a thin film creates a certain 
amount of evaporation through contact with the atmosphere which has the effect of reducing the temperature 
of the water itself. The atmospheric condenser requires constant attention to prevent corrosion owing to 
the combined action of air and water and the difficulty of keeping the whole of the coils covered with water. 
Tt is generally found that the most active corrosion takes place at the top terminal ends of the coils where 
the hot gas enters. Unless specially protected a certain amount of water splashes from the distributing 
pipes on to the warm gas pipes, creating ideal conditions for the setting up of rapid oxidation. Corrosion 
1s frequently found on the tubes around their points of contact with the vertical standards which support 
them. At these points the tubes cannot be efficiently scaled and coated unless the standards are discon- 
nected, which is rarely done. 


Bolts in the header flanges which are also subjected to this action require to be renewed at intervals 
unless careful cleaning and painting is done periodically. 

A comparatively new design of condenser which is coming into much favour is that of the multi- 
tubular counter-current type shown in Fig. 12. This condenser is made up of lengths of solid drawn steel 
tube of large diameter, having a number of small diameter tubes passing through them which are welded 
or expanded into end tubes plates, the latter being welded to the outer tube. These elements are connected 
at the ends by malleable iron bends, and the outer tubes are connected by short vertical lengths of tube 
welded between each pair of outer tubes at alternate ends. 


The refrigerant circulates in the annulus formed by the outer shell and the smaller tubes, the cooling 
water being circulated through the latter. 


The refrigerant enters at the top of the condenser and the water at the bottom, which gives a maximum 
heat transfer by reason of correct water velocity and counter current flow, and so the ammonia liquid leaving 
the condenser is cooled within a few degrees of the initial temperature of the cooling water with a consequent 
increase in efficiency. 


This type of condenser is so compact as to permit of its being installed in the engine room where it is 
constantly under the observation of the engineer, and long Jeads of piping between the condenser and the 
refrigerating machines are obviated. 

Economy of condensing water is attained by the use of the standard industrial type of water recooling 
tower, erected on part of the site that would otherwise be occupied by an atmospheric condenser. Water 
pipes instead of ammonia pipes pass up the building, and the ammonia liquid is cooled toa lower temperature 
than is possible with the atmospheric type. 
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Before passing from condensers it might be mentioned that a refrigerating system accumulates a 
quantity of air or other non-condensable gases and these directly affect the operation of the plant, and reduce 
the efficiency of the compressor. 

The old method of purging by opening a small cock on the highest point of the system, generally the 
condenser, and discharging into a pail of water was very unsatisfactory as lengthy shut down periods were 
necessary, a large quantity of the refrigerant was lost and it was very questionable if the gases could be 
separated in this way. ; 

An apparatus called a non-condensable gas purger, Fig. 18, appears to have solved this difficulty and 
it is very simple in its operation. 

The purger is fixed in the engine room where it is under the observation of the engineer. It consists 
of a steel cylindrical shell containing an evaporating coil, inside of which is another coil, the lower end 
being open to the shell. Suitable small connections are taken from the top of the condenser and liquid 
receiver to the open ended coil in the shell. 

The evaporating coil cools the gas passing through the open ended coil, liquefying the ammonia and 
liberating the non-condensable gases which are blown away through a water sight glass. A considerable 
reduction in power consumption and all round increase in efficiency has been observed in plants fitted with 
this apparatus, especially in old systems, 


COOLING SYSTEMS. 


There are three methods by which the principles of mechanical refrigeration may be applied in 
cooling the cold storage chambers, viz :—direct expansion, brine circulation, and air circulation. 


THE DIRECT EXPANSION SYSTEM. 


In this system the ammonia is expanded or vaporised in pipe grids secured to the ceilings or walls 
inside the insulated chambers which are to be cooled, so that the heat in the rooms is directly transferred 
to the circulating ammonia. 

The liquid ammonia is fed from the liquid receiver or storage tank to a regulating valve at the inlet 
to each pipe grid, and the outlet is connected to the suction line to the refrigerating machine. Generally 
only one section of piping is fitted to chambers below 5,000 cubic feet capacity, but in chambers of 
larger capacity it is advisable to have tio or more sections of piping intermingled so that if one section 
should break down a sufficiently low temperature can be maintained by the remaining section or sections 
until repairs have been effected. 

Double shut off valves are fitted to the inlet and outlet of each section of piping, and these are 
arranged in some convenient place outside the chamber. The liquid pipe is frequently led to a header in 
the engine room, and all the liquid stop valves and regulating valves, and also the suction stop valves 
are placed there under the immediate control of the engineer. The correct adjustment of the liquid 
regulating valves has an important bearing on the efficiency of the plant. The efficiency is determined 
by the weight of ammonia handled per stroke of the compressor and the difference between the suction 
and discharge pressures. The discharge pressure is limited to a certain point by the quantity and 
temperature of the condensing water, so in order to attain the maximum efficiency the suction pressure is 
kept as high as possible. ‘The expansion valves are so adjusted that the coils will receive as much liquid 
as will evaporate without any appreciable amount of liquid passing over into the suction line to the 
compressor. 

Fruitful sources of loss in efficiency are the accumulation of frost on the coils which is often allowed 
to attain a thickness of several inches, and also the deposit of oil on the inside of the coils. The result is 
that the rate of heat transfer is reduced, and consequently a lower suction pressure must be carried. 


THE BRINE SYSTEM. 


This system is not used to any great extent in cold store installations. In the list of cold stores 
recorded in the Society’s Register Book, only 24 stores employ the brine system of cooling as 
against 106, which make use of the direct expansion and air systems, 

In the brine system the liquid refrigerant is evaporated in coils immersed in a tank of brine. The 
brine is reduced in temperature by the evaporating refrigerant, and is circulated by means of a pump 
through pipes in the insulated chambers. These pipes are generally welded together and bent into grid 
form. The various grids are arranged on the ceiling and walls and are connected by standard screwed 
couplings. The temperatures in the chambers are controlled by regulating the quantity of brine circulated 
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through the grids. The evaporator coils are provided with inlet and outlet headers, each coil having 
shut off valves so that any individual coil can be isolated in case of breakdown. The brine is a mixture 
of chloride of calcium and fresh water having a low freezing point depending on its density. For ordinary 
cold store purposes a specific gravity of about 1°2 is used. Brine at this concentration will not freeze at 
temperatures above —9° F, 


The following table gives the properties of calcium chloride brine :— 


| 
WEIGHT OF 

sige tae Dacsaes Whe Boal ae FREEZING 

RAVITY. WADDEL. RE 2 3 
Caner. Renee WS gon 
BRINE. 
_| 
lb. Degrees Fahr. 

1025 5 3 *42 29°4 
1050 10 6 "86 26°5 
1075 15 9 1°31 23°0 
1°100 20 12 1:78 18°6 
17125 25 145 2°20 13°5 
1°150 30 17 2°65 TD 
1175 35 19°5 3°10 0-0 
1:200 40 22 3°65 — 90 
1°225 45 24°5 4°05 —20°0 
1:250 50 27 4°57 —32°6 
1°275 55 29°5 5°08 —50°0 
1'283 56°6 30 5°2 —544 


Commercial chloride of calcium contains at least 25 per cent. moisture and therefore more of it is required than 
stated in the table ; so that for a 20 per cent. solution for example, at least? X 100 = 26-7 per cent. will be required. 


The brine system may be used to advantage where it is desired that there should be only the smallest 
possible variation in temperature, but this condition is not often required for temperatures below freezing 
point. Where higher temperatures are necessary brine pipes are not suitable on account of the deposit of 
moisture on the pipes dripping on the stored goods and causing damage, the brine not being at a sufficiently 
low temperature to freeze the surface moisture. 

The chief advantage of this system is that the large volume of cold brine stored in the pipes will maintain 
the low temperatures in the rooms for a considerable time after the refrigerating machine is stopped. 


AIR CIRCULATION SYSTEM. 


In the usual arrangement of this system the air of the chamber is circulated by a fan which forces it 
through a cooler housed in an independent insulated casing or compartment, external to the chambers. 

The cooler air is discharged into the chamber through a delivery duct arranged along the top of one 
side of the ceiling. In circulating through the stored goods it extracts heat and is drawn away to the fan 
through a suction duct arranged along the top of the opposite side of the chamber, when it is again cooled 
by being forced through the cooler. 

The ducts are usually constructed of wood and are square or rectangular in section. They are provided 
with rectangular openings placed at intervals along their length through which a uniform distribution of 
the air is maintained. Sliding louvres are fitted to each opening in both suction and discharge ducts to 
regulate the quantity of air passing through and so the temperature of the chamber is controlled. 

This system has been in use for many years with little change except perhaps in details. Various types 
of air coolers have been used, but in the majority of general stores the wet battery cooler provides the most 
efficient and flexible method of controlling both temperature and air conditions. 
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In a wet battery cooler brine is the cooling agent. A common type of wet cooler is that which consists 
of tiers of pipes bent into grid form as in an atmospheric condenser and arranged vertically over a brine 
tank. The refrigerant passes through these pipes and in evaporating extracts the heat from the brine which 
is distributed over the pipes from troughs or slotted pipes fitted above each tier. A pump, generally of the 
centrifugal type, draws the brine from the collecting tank below and recirculates it to the distributing 
system. 

The insulated compartment is, in the best practice, lined throughout with sheet lead, all joints being 
soldered to prevent any leakage of brine which may collect from spray. 

The air circulating fan, which is generally of the propeller type, is fitted in the casing to a trans- 
verse partition from three to five feet from the ends of the cooler pipes. The extreme end of the casing 
cut off by this partition, and into which the fan projects, is connected to the suction duct from the 
chamber. The delivery duct is connected to the opposite end of the casing where a space of a few feet 
is again allowed between the ends of the pipes and the casing end. Vertical baffles of channel section 
or half round guttering are fitted at the delivery end of the cooler coils to prevent any brine spray in the 
air current being carried into the duct. ‘Two or three rows of these baffles are fitted, pitched about their 
own width apart and arranged so that those in the one row cover the spaces of the row in front. 

The velocity of the air should not be too high, but even with a normal air speed inefficient baffling 
may result in small particles of brine being carried forward into the chambers, which may cause damage 
to the goods stored. 

This type of cooler is mainly used where the temperatures to be carried in the chambers are 
below 82° F. 

The brine flowing over the cooling pipes prevents the formation of frost, and gives a definite washing 
and sweetening of the air in circulation. Where higher temperatures only are required similar coolers 
are used without brine circulation. 

A type of wet battery cooler which has been popular for many years, and is still installed in many 
new equipments, is that which is constructed of corrugated galvanised iron plates. The plates, which 
are arranged in vertical stacks, are pitched about } in., and kept apart by distance pieces. The plates 
and distance pieces of each stack are bolted together top and bottom. The stacks are erected vertically 
over a brine collecting tank, the whole being enclosed in an insulated and lead lined casing. Cold brine 
is delivered into slotted or perforated trays arranged on top of the stacks, and is distributed uniformly 
over the surface of the plates in a thin film. The air is forced between the plates in thin sinuous 
currents due to the corrugations, and is reduced to a low temperature by impinging again-t their surfaces 
and the flowing film of cold brine. Similar stacks of dry corrugated iron plates act as brine eliminators. 

In this type of cooler the air has intimate contact with the cooling surfaces, and a large cooling 
surface can be obtained at low cost. 

A brine spray air cooler recently developed in Germany has some interesting features. 

The material forming the cooling surface, the way it is used, and the manner in which it fulfills its 
functions constitute the special features of the apparatus. 


The air is forced through a rectangular steel casing in the opposite direction to the sprayed brine. 
The lower part of the casing forms the space where the brine is collected and from which it runs to the 
evaporator. Perforated containers are fitted in the upper part of the casing and these are filled, in loose 
fashion with “ Raschig” porcelain rings. By means of these rings which are all of the same external 
diameter and the same thickness, it is possible in a comparatively small space to provide a very large 
cooling surface, The rings occupy only about 8 per cent. of the space into which they are packed, and 
accordingly 92 per cent. of the space is available for the flow of air. 

The cold brine is sprayed over the rings and the air from the chambers is forced through them in 
the opposite direction to that of the brine. 

he air comes into intimate contact with the rings by means of the involved path of the separate air 
streams, and the cooling effect is so intensive that there is only a very small temperature difference 
between the outgoing air and incoming brine. 

Above the brine spraying arrangement are perforated trays containing dry “ Raschig” rings which 
arrest any suspended brine from the cooled air as it passes through them to the delivery ducts, 

In all wet air coolers the brine is constantly absorbing moisture from the air and it is necessary, in 
order to keep it at the required density, to add more calcium chloride, or evaporate the surplus moisture in 
a brine concentrator. Air coolers are placed at or above the level of the chambers with which they are 
connected, so as to avoid losses which would occur if the cold and heavier air had to be forced upwards at 
increased pressure. 
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An important point to be noted in connection with air circulation systems is that different kinds of 
produce which might taint each other, such as fruit and butter, should not be placed in chambers which 
are cooled by a common cooler. 


BRINE COOLERS. 


The brine may be cooled by evaporator pipes immersed in the brine collecting tank or by a separate 
brine cooler. 

The tendency in modern equipments is to cool the brine in a multi-tubular cooler of similar construc- 
tion to the multi-tubular condenser which has been described, or in a shell cooler. 

The shell cooler consists of a cylindrical shell of steel plate which may be about 80 ins. in diameter and 
about 15 feet long, containing a number of steel tubes expanded or welded between end tube plates. The 
refrigerant is evaporated in the shell and the brine is passed through the tubes. The insides of the end 
covers have divisions which direct the brine in several passes through the tubes before it reaches the outlet. 
The shell is kept about two-thirds flooded with the refrigerant and the evaporating action resembles that 
which takes place in a tubular steam boiler. 

In this type of cooler there is little or no restriction to the passage of the resultant gas through the 
liquid, whereas in the coil type of cooler the gas must force its way to the outlet through a restricted area 
within which both liquid and gas are confined. 

In the modern cold store, brine pumps, as in the case of water circulating pumps, are invariably of 
the centrifugal type, and they are generally direct coupled to electric motors. 


MAINTENANCE. 


Tn the best practice the various component parts of the refrigerating plant are duplicated, so that in 
the event of breakdown the temperatures in the chambers can be maintained with the spare units, 
and this is one of the requirements of the Rules of Lloyd’s Register. Apart from this security it is a 
matter of great convenience to be able to effect any repairs or renewals to any section of the machinery 
without interference with the normal business of the store. 

A thorough overhaul of the machinery should be made at regular intervals, when particular 
attention should be given to parts, the condition of which materially affects the etlicient performance of 
the plant. The compressor suction and delivery valves should be ground in, and valves or springs 
replaced if defective. The condensers should be thoroughly cleaned, and in the case of the atmospheric 
type the coils should be brushed down with a steel wire brush, or scraped, if necessary, to remove all 
deposit from the water, and the tank or tray beneath the coils cleared of mud or other foreign matter. 

Evaporator and cooler coils should be examined as far as possible to ascertain their condition. This 
is largely a matter for the discretion of the engineer concerned, and depends upon the age of the plant, as 
in many cases a large proportion of the coils are not accessible without dismantling of a costly nature. 

Pipe joints should be examined individually, stop valves tested for tightness, gland packing renewed, 
if necessary, and all faulty pipe insulation replaced. 

Pumps should be opened up, their working parts examined and glands repacked. 

The insulation in the chambers should be examined and tested for fulness and dryness, and all 
damaged linings, battens, and doors repaired. 

All the main parts of the plant should be opened and examined. The knowledge that any particular 
part has not been giving trouble is not sufficient evidence that it does not require any attention. It is 
only by systematic overhaul that costly stoppages and repairs can be avoided. 


CONCLUSION. 


The author has purposely avoided technicalities as much as possible, as he was of the opinion that a 
per on the general lines adopted would be of more general interest than one giving numerous standard 
iagrams and tables. 

The subject covers such a wide field that it is impossible to go very deeply into detail in a paper of 
this description, but if what has been said brings more attention to this branch of the Society’s 
operations, and to refrigeration in general, the author will be satisfied that his effort has not been 
in vain. 

The writer desires to place on record his thanks to those who provided the blocks from which the 
illustrations have been taken. 
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Nores.—The Expansion Valve (L) is used in place of K when liquid ammonia accumulates in drum. 
The non-condensable gas from the top of Condenser and top of Ammonia Receiver passes 
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DISCUSSION ON Mr. D. GEMMELL’S PAPER 


ON 


“COLD STORES AND THEIR EQUIPMENT.” 


Mr. J. CARNAGHAN. 


Mr, Gemmell has supplied a long felt want with his excellent paper, and I am sure it will be highly 
appreciated by the members of our Staff Association. 

There are a few points which might be accentuated, one of the most important of these the author 
has mentioned on page 4, namely, that the insulating material must be odourless. This requirement 
should be continuously borne in mind when dealing with the insulation of cold stores, and it applies not 
only to the insulating material but also to the frame work and any compositions used as binders or facings. 

Mr. Gemmell states that at the present time slab cork is used practically exclusively. For cold 
stores this is good practice, provided two or more thicknesses of slab cork are used with the butts closely 
fitted and the joints of the layers overlapped. Special care should be taken to ensure that the corners of 
the slabs are not broken off. “The slabs should have clean cut corners in order to avoid the necessity of 
filling up any cavities with cement, as this would result in a reduction of the efficiency of the insulation. 

As there appears to be a strong tendency to reduce the weight of insulated doors, a lighter insulating 
medium might be used with advantage in place of cork slabs or similar material, especially if the doors 
lead from insulated corridors. 

There are several materials available, having low specific gravity and high insulating value, which 
could be used for this purpose. Perhaps Mr. Gemmell would state whether insulated corridors or anti- 
chambers are still a feature of existing stores. Also whether there are many stores having the main doors 
of the chambers fitted with small service doors, which can be used when small quantities or small produce 
has to be handled. 

With regard to the type of ammonia machine shown in Fig. 8 in which the ammonia vapour passes 
through the crankcase to the compressors, I understand that gunmetal bearings can be used satisfactorily, 
provided all air is excluded. Mr. Gemmell will, no doubt, confirm that the use of gunmetal for bearings 
or other fittings is practicable within the crankcase of this type of machine. 

In view of the present day tendency to adopt suction and discharge valves of the disc type for 
refrigerating compressors, which are considerably lighter than those formerly adopted, it appears that the 
type of safety head illustrated in Fig. 8c is excessively heavy for the duty it has to perform. It is only in 
operation when there is an excess of pressure within the compressor, and no doubt some improvement could 
be made in the design by reducing its weight and yet maintaining its efficiency as a safety device. 

On page 16, under the heading “Maintenance,” the author states that the condensers should be 
thoroughly cleaned. This statement appears to require qualifying. I am certain he means externally 
only and not inside the tubes as well, but I think this point should be made quite clear in order to avoid 
any misunderstanding. 

In conclusion, [ wish to thank Mr. Gemmell for his paper, which I have found of considerable 
interest and full of useful information. 


Mr. L. H. F. Youna. 


The type of cold store shown in Fig. 1 seems to be ideal from the point of view of the insulating 
qualities, there being no break in the continuity of the wall insulation. One exception that might, 
however, be taken against this type, is that each chamber can hardly be termed self-contained. There is 
a remote possibility that any deterioration in the insulation at, say, the skirtings of one chamber 
might interfere with conditions in the chamber below. But, no doubt, such a possible eventuality is far 
outweighed by the other advantages of this type of construction. 
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In the section dealing with “ Building Construction” stress is laid on the importance of adequate 
insulation at the ground floor level; and in this connection it is interesting to note the damage that 
certain structures have sustained owing to freezing of the foundations. The author states that the effect 
of this is limited, not only to the floor, but extends also to the walls and the whole structure. 

But the reason for damage to the structure itself is not directly explained. By the principle of 
Regelation of Ice it would be thought that the weight of the building acting through the walls would 
exert too great a pressure on the foundations to allow of any water, that might find its way there, becom- 
ing ice. The pressure exerted by the floor, however, is so very much less, that the cause of damage to 
this part is quite explicable. 

Mr. ©. W. Reep. 


I did not come to this meeting prepared to discuss the valuable paper just presented to us, as my 
experience of refrigeration has been confined to vessels and not to stores. 

There are many points of similarity in the refrigeration of both ships and stores, but it would appear 
that the largest differences lie in the greater space available for insulation purposes in stores, and to the 
fact that in cold stores the chambers are kept at a constant temperature, whilst in ships the holds are 
alternatively cooled down and thawed out. This must have a great effect on the lasting properties and 
efficiency of the insulation and of the electric wiring. 

As regards the systems of cooling in use, the brine system is very extensively used on board vessels, 
whilst the author states that this system is seldom employed in cold stores ; ammonia and cold air being 
the most common. It would be interesting to know why this is the case. 

In his list of insulating materials used in cold stores, the author does not mention the “ J.D.” type, 
which, in my experience, has proved very satisfactory on shipboard. Perhaps he would say whether he 
has come across this type, and, if so, whether it is found to be efficient. 

If the author ould add to his paper a list of temperatures at which various commodities should be 
kept, in store, for best results, it would contribute greatly to the interest of his paper. 

May I be allowed to express my appreciation of the lucid way in which this paper is drawn up, and 
also of the excellent delivery of it to-night by the author. 


' Mr. A. W. B. Epwarps. 


Our thanks are due to Mr. Gemmell for this instructive and practical paper, dealing with a subject 
differing somewhat from its marine counterpart, but a little further information on certain details would 
be LL bea : 

s thermostatic control in general use in cold stores, especially those with electrically driven plant ? 
Are pre-coolers also in general use? The means of ascertaining chamber temperatures and position of 
the instrument in the chambers would also be of interest. Electrical long distance thermometers are met 
with in some ships but are not generally noted for their accuracy. Although there is a ship running into 
this port with nearly 300 deck thermometers, it is inconceivable that the temperatures of a large cold 
store are measured in this manner ! 

With reference to insulating materials, could the author give us a few comparative figures showing 
heat transfer through blocks of the usual materials when packed to different densities? It is noticed 
there is a great divergence in the practice of “* packing” insulation. 


Mr. J. R. BevERIDGE. 


The author has given us a very clear and interesting description of refrigerating practice in cold 
stores. The relatively small use of the CO, system, as compared with the NH, system, will probably 
surprise those who have been used to marine installations. 

It would be interesting to know why, in land practice, the NH, system is so favoured, as its 
theoretical superiority over the CO, system is counterbalanced by many practical advantages of the latter. 
With reference to the provision of air locks to refrigerated chambers, it is doubtful if these spaces are 
properly utilised, especially where the space allotted is cramped and inconvenient. 

Quite a considerable loss may be occasioned by the electric light being inadvertently left on in a 
cold chamber, and it might be helpful to have a pilot light on the same circuit fitted outside the door. 

As many cold stores depend upon river or harbour water for circulating purposes, a continental type 
of contra-flow condenser, having a copper-lined water surface, may have been adopted in some cases, and, if 
so, could the author state what results have been obtained under service conditions ? 
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C. MacpHerson. 


Mr. Gemmell has covered a very wide field in this paper, and he is to be congratulated on compressing 
so much information into the limited compass of a paper of this nature. 

The section of the paper dealing with the structural problems in the design of cold stores is 
particularly interesting, and I would suggest that the author might consider writing a further paper on 
this branch of the subject which would deal with various types of construction and insulation. 

It appears that in modern construction the use of concrete is very common and, while this might 
not actually be a matter concerning an examination for the RMO, perhaps Mr. Gemmell could indicate 
be ie! means are adopted by the builders to ensure that the ferro-concrete floors are perfectly dry before 

reezing. 

The system of construction as shown in Fig. 1, while having great advantages with regard to 
outside insulation, seems to be rather asking for trouble from freezing of foundations, as the inner steel 
work can only obtain heat from the foundations. With this type of structure it would appear desirable 
to have a low “ double bottom ” in the building where the steel columns are not insulated, and so provide 
a source of heat other than the actual foundations, in addition to a means of access for detecting any 
serious failure of the insulation of a column. 


Mr. 8. Townenp. 


The author is to be congratulated on his interesting and descriptive paper, which is a valuable 
addition to the transactions of the Association, in view of the increasing variety of imported produce. 

Under the section “ Erection of Insulation” it might be of interest to mention the method specified 
for the new abattoir in Liverpool. The second layers of slab cork are set and jointed with hot bitumen 
in floors, sides and ceiling. In the latter the first layer of slabs, inside the shuttering, are jointed at 
edges and sides with hot bitumen. Linked }-in. bolts, spaced 4 ft. by 3 ft., are inserted through slab 
and shuttering and wired to the reinforcing mesh and embedded in the concrete when poured. Flattened 
hoop-iron is bedded in a recess cut in situ in line with the }-in. bolts, secured by nuts and cross-nailed 
through perforations made in the hoop at 12-in. pitch. Similar hoop straps are ‘fitted in recesses in the 
slabs on beams, 

The expression “asphalte cement,” referred to at the bottom of page seven, would appear to be an 
American term and what is known here as bitumen. 

Under the heading “ Maintenance,” it is thought that it would be a guide to surveyors to know the 
limit one should allow to the depth of frozen charcoal or silicate found in old stores, especially on south 
and west walls, to a depth of four or five inches out of ten to twelve inches. Even that figure leaves a good 
margin of dry insulation. Associated with this one finds ice between the linings, which causes them to 
bulge and force the T and G apart. 

In this latter case the outer lining is easily stripped and renewed after removal of the ice. The 
renewal of whole wall insulation on a number of floors involves much expense, and one hesitates to 
recommend it when temperatures can be maintained without difficulty. 

This freezing commences at the inner face through condensation of the warm outside air penetrating 
the walls and insulation, and the thickness increases with time. 

On page six—erection of insulation—the question of thickness involves not only cost and running 
expenses, but also the space of the chambers. 

I thank the author for his paper. 


REPLY BY THE AUTHOR. 


Mr. Carnaghan has rightly pointed out, that not only must the insulation be odourless, but the 
frame work and composition used as binders or facings must also be free from odours. Cases are on 
record where timber treated with odorous composition and used for the framework of insulation, has 
seriously contaminated goods stored in the chambers. 

The weight of insulated doors would not be materially reduced by using a lighter insulating medium 
than cork slabs. The principal weight is in the wood framework, which is greatly decreased when the 
thickness of the door is reduced. The framework, however, must be sufliciently rigid to withstand the 
rough handling they so frequently receive when the goods are being worked in and out of the chambers. 
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Air locks are still used in cold storage construction, but these are usually arranged outside the 
chambers, in conjunction with the lifts to the various floors. Small service doors are not often fitted to 
the main doors in the modern cold store, especially where the chambers are large, as it is found that 
handling is expedited and costs are reduced by conveying barrow loads of goods through the main doors. 
In the case of relatively small chambers, where a man has no distance to travel from the door to stack 
the goods, a certain advantage may be derived from the use of small service doors in reducing the flow 
of cold air from the chamber. In a recently constructed store in London, where the chambers are of 
small capacity, no large doors are fitted to the chambers. The only access to the chambers is through 
small doors placed about four feet above the floor level. With this arrangement, the densest air, which 
falls to the bottom of the chamber, is not permitted to escape, and very little fluctuation of the 
temperatures takes place when the goods are being worked in and out of the chambers. 

Phosphor bronze is used by some makers of refrigerating machinery for connecting rod gudgeon 
bushes, and these are not affected by the ammonia in the crankcase, as they are not in direct contact with 
it, but it has not been considered advisable to make the bottom ends and main bearings of gunmetal or 
bronze, owing to the possibility of the presence of air and consequent deterioration of these parts. The 
design of safety head, illustrated in Fig. 8c, would be regarded as heavy if its only function was to 
relieve excessive pressure due to liquid refrigerant being drawn into the cylinder, but it has another 
important function to perform, that of furnishing clearance in the event of broken rings, valves or valve 
guards, entering the cylinder. This safeguard is taken in view of the dangerous nature of ammonia to 
human life, and from the fact that a valuable charge of refrigerant might be lost by a cover being forced 
off. A new design of safety head has been proposed, in which small spring loaded valves are arranged 
between the heavy head springs to release liquid pressure without the safety head being lifted. 

Under the heading “maintenance,” the statement that the condensers should be thoroughly cleaned 
was intended, as Mr. Carnaghan suggests, to apply to the external surfaces only. 

Mr. Young, in referring to the type of construction shown in Fig. 1, says that each chamber can 
hardly be termed self-contained. I cannot agree with him on this point. The slab cork is an integral 
part of the walls, sealed to them, and to the floors, with Portland cement, and contained within the shell 
of cement on the cork face. This arrangement forms a rigid and complete seal or division between the 
chambers. I have never heard of any deterioration having taken place at these connections. 

The formation of ice under the foundations of a building is not governed by the principle of 
regelation. When ice, at freezing point, is subjected to pressure, surface water is formed and regelation 
takes place when the pressure is removed. If the pressure is constant and the temperature is below 
freezing point no water is formed. Ice will form at any pressure provided the temperature is below 
freezing point. 

The floors are under similar conditions to the walls, as they are also subjected to considerable 
pressure on account of the load transmitted by the goods stored in the chambers. 

Mr. Reed remarks that there are many points of similarity in the refrigeration of ships and cold 
stores. This is true as far as the principles of refrigeration are concerned, but the problems of con- 
struction are very different. In ship construction there are many heat conducting projections in the 
insulation such as frames, beams, stiffeners, etc., and in order to retain the maximum cargo capacity, the 
- inner edges of these can only be sparsely covered with insulating material. This throws a greater demand 
upon the refrigerating machinery output than in the case of a cold store in which there are no heat 
conducting projections. As an offset to this, however, the ship’s refrigerated chamber is closed from the 
time when loading is completed until the cargo is discharged, whereas the chambers of a cold store are 
continually being entered by the men who handle the goods, and this results in the escape of cold air 
through the doors and the introduction of heat liberated from the men’s bodies and from the electric lights. 

1f slab cork is used as the insulating material, and it is erected in an efficient manner, there should be 
little or no deterioration. 

Where temperatures below freezing point are required the direct expansion system is generally adopted, 
because it is simpler to operate than the brine system with its auxiliary apparatus, and it is not so costly 
to instal. The brine system requires a larger quantity of piping to do the same amount of refrigerating 
work, in addition to brine pumps, evaporators and tanks. Then there is the additional cost of calcium 
chloride and the added labour in making up the brine at frequent intervals to the required specific gravity. 
In the direct expansion system none of these intermediate agencies are required, the refrigeration being 
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produced at the place where it is utilized. The cold air circulation system is adopted where such produce 
as eggs, cheese, fruit and vegetables are stored. The CO, gas generated by these products is prevented 
from accumulating in a concentrated mass by the circulation of air, and the conditions are not so favourable 
to the growth of moulds owing to the drier atmosphere. With this system there is none of the labour 
and inconvenience involved either in scraping or thawing snow off the pipes, and, with air coolers using 
brine circulation over the tubes, the air is subjected to a washing and cleansing process which keeps the 
air fresh and comparatively free from odours absorbed from the goods. The “J.D.” type of insulation 
has been used extensively on shipboard and for cold storage on land. The author has not met with 
any modern installations of this type of insulation in cold stores, but he is aware that it is frequently 
adpoted in dairy and brewery work with satisfactory results. The following storage temperatures are 
recommended for various commodities :— 


DEGREES DEGREES 
FAHRENHEIT. FAHRENHEIT. 
| F; 
Mpa fan! "Wibden. 4 16-18 
F Mish, Fro e er ra - 
Beef, Chilled ... 1 «| 28-82 ich’ Dried 
: ee ish, Drie Da a. ts 

Beef, Frozen... ie | 15-20 |i Fish, Canned... ~ sich 35 

Mutton, Frozen ... ee ee 15-20 Waar 
Meat, Fresh eh 2 e ae 30-32 Apples 34 
Meat, Canned... fae | 84-36 Bane ne fp - 55 
Oranges ... ss ie Se 35 
PouLrRy. Pears... rae ii ht 36 
Poultry, Frozen ... bt | 16-18 Plums... eas naa ad 34 
Poultry, Fresh ... ie ee 30 Grapes... see ve se 36 
Peaches ... Aon hee ey 50 

Darry Propuce. VEGETABLES. 
Butter, Dairy... ts <a) aeoe—5D. | Cabbage ... eT ae 582 35 
Butter, Frozen ... eH .| 15-18 |] Potatoes ... tee tee ves 35 
Cheese... ee tet ay 35-40 Carrots... fs nA $4 6 
aol o Celery ... Abe iss Ate 35 
Eggs Ae as hes Py 82-3: | ae 

” nions ... ies ac nen) 34 
Eggs, Bulk, Frozen... $5 10 | Tomatoes a sn en 36 


Mr. Edwards asks if the temperatures in cold stores are regulated by thermostatic control. 

The control of temperature by thermostatic devices has made considerable progress in recent years, 
but, so far as the author is aware, it has only been employed in connection with small chambers or cabinets, 
such are as used by retail butchers. 


In these cases thermostatic control apparatus can be provided at a low price, and it is convenient to 
the user to be relieved of the necessity of attending to a small plant. 


In the case of larger powers, the cost of automatic controls is considerably greater owing to the 
necessity for more expensive control gear. Where several chambers, or evaporating units, have to be 
thermostatically controlled independent of each other, the cost may become a considerable percentage of 
the cost of the whole plant and the equipment becomes very complicated, which also provides more 
potential sources of trouble. 


As the starting and stopping of a large compressor entails much more than the mere switching on of 
the electric current, thermostatic control of large plants is not yet a practicable proposition. Moreover, 
the need for automatic working is not felt to the same extent, as an. attendant is required for other 
purposes than starting, regulating and shutting down, and heat leakage through insulation does not 
produce such great temperature change as in a small store. 
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With regard to precoolers, by which it is assumed that liquid refrigerant precooling apparatus is 
meant, these are not in general use except in the case of CO, plants on board ship, where they are an 
advantage in maintaining the capacity of the refrigerating plant under high temperature condensing 
water conditions. 

Precoolers in the case of plants using other refrigerants are not very frequently met with, and 
they form an additional refinement which improves the overall economy of the refrigerating plant by 
only a small emount. 

In the majority of cold stores the temperatures are recorded by ordinary spirit thermometers hung in 
suitable mean positions in the chambers. Distance thermometers are, however, used in some modern cold 
stores,and where the chambers are of considerable size two bulbs are fitted near the ceiling of each 
chamber in such positions that each bulb has a mean area. 

These thermometers are carefully checked at intervals, and they are found to give sufficiently accurate 
and reliable results for general purposes. It must be borne in mind, however, that the chambers of a cold 
store can be entered and examined at all times, whereas ships’ chambers cannot generally be entered from 
the time of loading until discharge, and for this reason it is thought that the ordinary thermometers are 
more suitable as these can be checked and replaced if necessary during the voyage. 

With reference to the packing of insulating materials at different densities, and the relative thermal 
conductivity of these, a few figures are quoted from various authorities, 


BTUs per sq. ft. per hour 
MATERIAL. LBS. pomigetdel FT. a i F thickness and 
Granulated Cork... “a ee i 53 326 
Do. ee Sas ine are 6°5 "298 
Do. nt me ae ‘5 728 “361 
Regranulated Cork ... ie re we 8°12 3105 
Slab Cork without artificial binder ... i 6°9 "269 
Do. do. 9°98 *302 
Do. do. 11°24 “308 
Slab Cork with bituminous binder ... mg 15°6 85138 
Silicate Cotton =. rte re sey 12 2614 
Do. as “F: wee Me 12°5 *2760 
Do. As oy ae we 21°2 2961 


Mr. Beveridge asks why the NH, system is generally used in preference to the CO, system in land 
practice. 

The practical advantages of CO, over ammonia, due to the absence of noxious fumes, although very 
important some years ago, is now greatly discounted in the design of modern ammonia plants and fittings, 
and serious leakages of ammonia seldom occur nowadays. Manufacturing facilities and methods have 
also greatly improved so that ammonia plants which give every satisfaction to the user can now be 
manufactured at lower initial cost than CO, plants. 

Ammonia plants have the advantage of consuming less power than CO, plants for the same 
refrigerating duty, and do not fall off in capacity to anything like the same extent in hot weather, as there 
is a smaller percentage of loss at the regulating valve, due to self cooling of the liquid entering the 
evaporator, and ammonia liquid is always well below its critical temperature. It is not necessary in the 
case of ammonia to fit multiple effect devices for precooling the liquid, or, alternatively, to instal an oversize 
compressor where the condensing water is at a high temperature. 

The electric lights in chambers can account for considerable losses in refrigerating power if left on 
unnecessarily, and, to obviate this, pilot lights are generally fitted outside the doors of the chambers to 
indicate when the lights are on. 


The author is not aware of any condensers in cold stores having copper-lined water tubes. Generally 
the water supply to the condensers of refrigerating machinery in land installations is fresh or com- 
paratively so. Atmospheric condensers are used, and the exterior of the tubes which comes into contact 
with the water is kept clean and coated with a protective paint or bituminous solution. 


The multi-tubular contra-flow condensers which have only come into use within recent years have 
steel water tubes, and, so far, little or no corrosion has been observed in these. 


Mr. Macpherson has remarked that the structural problems in the design of cold stores are of 
particular interest. I agree with him, in view of the fact that many considerations must be taken into 
account in determining the most suitable type of construction for particular requirements and conditions. 


Unfortunately, the initial cost of construction sometimes limits the degree of efficiency which might 
be obtained. In constructing a cold store, the ferro-concrete floors are cast at an early stage in the work 
and many weeks generally elapse before the chambers and their equipment are completed ready for 
cooling down, which gives ample time for the evaporation of moisture from the concrete. The insulation 
of columns at the foundations of structures, such as that shewn in Fig. 1, presents no different conditions 
from other constructions. In all large cold storage chambers, supporting columns are necessary within 
the walls and these all pass to the foundations. Mr. Macpherson suggests that a low space might be 
provided under the ground floor chamber to enable an examination of the columns being made where 
they enter the foundations. ‘This has actually been done some years ago, but it is costly and quite 
unnecessary if the columns are efficiently insulated in the foundations. 

Mr. Townend has drawn attention to the frozen condition of insulations sometimes met with in cold 
stores. 

To the uninitiated, insulation found frozen to depths of over 50 per cent. of its total thickness might 
cause some concern, but there is no need for any action, provided the temperatures in the affected 
chambers are kept below freezing point, and one is satisfied that the ice has been produced by condensation 
and not through leakage of water from external sources, and provided the required temperatures can be 
maintained. 

The method of insulating the new abattoir at Liverpool is unusual, and perhaps of a rather expensive 
type, but, doubtless, will be found to warrant the additional cost. 
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LLOYD'S REGISTER STAFF ASSOCIATION, 


ANNUAL MEETING. 


The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Office, 
on Wednesday, 6th May, 1981. 


The President, Mr. Wm. Thomson, occupied the Chair. 


The Secretary read the Minutes of the last Annual Meeting, and also the Financial Statement 
which showed an estimated balance, after all accounts were settled, of £13. 


Reviewing the work of the session just completed, the President said :— 


GENTLEMEN, 


To-night’s Meeting brings to a close our eleventh session, the first of the second decade of the 
existence of the Staff Association. 


It is, perhaps, inevitable that those of us who have been connected with the Association since 
its inception should make comparisons of its position and prestige now in relation to our hopes 
and aspirations of ten years ago, and we have every reason to feel satisfied and encouraged. If 
the first flush of enthusiasm has passed, it has been replaced by a stream of steady endeavour 
which year by year produces a series of papers and discussions of which we have every reason to be 
proud. 


In preparing the syllabus it was felt that due recognition should be taken of the fact that 
Lloyd’s Register had broadened the basis of its operations to include the survey of aeroplanes, and, 
thanks to the good offices of Mr. Scott, the Association was fortunate enough to secure as its 
annual public lecturer Mr. Handley Page, whose name is a household word in aeroplane circles. 
At this lecture we were honoured to have Sir George Higgins in the Chair, supported by Mr. 
Sturge and Mr. Glover, whose continued active support of the Association is so much appreciated 
by the members. 


In the course of his remarks, Sir George suggested that in view of the new field of activity 
into which Lloyd’s Register had entered, the rules of the Association might be amended to include 
papers on the subject of aeroplanes, and a proposal on these lines will be submitted later in the 
evening. ; ; 


The normal programme covered, as usual, a wide range, and Mr. Macdonald’s paper on 
Oilships, with its accompanying lively discussion, provides details of the construction of vessels of 
this type which certainly cannot be found elsewhere. 


We were pleased to welcome the paper by our Hamburg colleague, Mr. Witt, whose up-to-date 
survey of the present position of marine engineering in Germany supplied much food for thought. 


Mr. Watt is well known as the historian of the British Freeboard Regulations, and in bringing 
his survey up-to-date he afforded our members an opportunity of expressing their candid views on 
the latest attempt of the authorities to reconcile conflicting interests in this very difficult field. 


The construction of yachts isa very specialised industry, and our thanks are due to Mr. 
Lowson for his paper on Composite Vessels, the information and sketches in which will be of very 
great value to our members engaged in yacht survey work. 


Mr. Gemmell brought us back to land again, and his able description of Refrigerating Stores 
emphasises the diversity of the interests of Lloyd’s Register, andthe varied duties which members 
of the Staff are called upon to perform. 


The programme for next session is well in hand, and promises to reach the usual high 
standard of interest. 


It is also proposed that next year a new feature should be introduced into our Transactions. 


In the course of their duties our members very frequently encounter cases of damage of 
a special nature, novel methods of repair or other features of an unusual character, which, while 
not sufficient in themselves to provide a paper, are yet of sufficient interest and value to be worthy 
of permanent record for reference. 


It is accordingly proposed that a special booklet be issued annually, or as occasion may require, 
containing details of such cases. 


It will, of course, be clear that the value of such a publication must depend entirely on the 
support of the members in forwarding information of the type indicated, and I trust that this new 
venture will receive wholehearted support. 


I regret that Mr. Dorey, on account of pressure of other duties, has felt compelled to resign 
the position of Hon. Sec., which he has filled with marked success during the past year. 


In conclusion, I would like to express our thanks to the General Committee of Lloyd's 
Register, whose continuous interest and encouragement has contributed so much to the success of 
the Association, and to all those members both of the Staff Association and of the Staff of Lloyd’s 
Register who haye, in various ways, helped to further the objects for which the Association exists. 


Mr. W. Watt proposed, and Mr. C. W. Reed seconded, that Clause 2 of the Association’s 
Rules be altered to read as follows, viz :— 


“The Object of the Association is the advancement and dissemination of knowledge of 
present day problems in Shipbuilding, Marine Engineering and Arrcra/t, by the preparation 
and discussion of communications on the various technical aspects of the subjects.”’ 


This proposal was carried unanimously. 


The Meeting then proceeded with the election of Office-bearers for the new Session, and on 
the motion of Mr. W. D. Heck, seconded by Mr. A. A. A. Chalmers, Mr Wm. Thomson was 
unanimously re-elected President. 

Further appointments were made as follows :-— 

Hon. Secretary - : - - - Mr. C. W. Reep, 


Lonpon COMMITTEE: 


Messrs. S. F. Dorey, J. S. Gardiner, L. J. Hill, E. Potts, G, D. Ritchie, 
C. H. Stocks, S. Townshend and L. H. F. Young. 
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